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Preface iv 
The air wepoUute is the Air we breathe. 
So Let us not pollute the air we breathe. 
Earth is the most beautiful planet of galaxy because of its residents who are 
most intelligent creatures in the whole galaxy. Degradation has set into the enviroiunent and 
it is not the same as it was at the very beginning of human civilization, some thousand years 
ago. 
Air is the most vital component without which the question of survival does not 
arise beyond a few minutes. A human being of normal health and height respires 22 
thousands times a day and the air utilization in such respiration is 20 times more than the 
quantity of food consimied by him. Human activities negatively affect the earth's 
atmosphere through releases of pollutants that causes smog, acid rain & depletion of ozone 
layer. This is directly related to human greed and life styles, because it is largely a result of 
emissions from automobiles, industrial plants, and cooking exhaust. 
Fibre/ particulates are knoAvn in the deterioration of human health and environment 
effects. Clinical, epidemiological and experimental studies have established that exposure 
to particulate matter present in both occupational or environmental atmosphere increase 
respiratory morbidity and mortality. Inhaled air containing various gases and fibre/particles 
like asbestos, quartz, silica, PAHs and particulate matter, may injure the limg by 
inflammatory reactions that lead to puhnonary fibrosis, pulmonary function impairment and 
even damage to genetic system leading to cancer. Among these respirable fibers, asbestos 
has come to the forefront during last 30 years owing to its increased production and 
consumption. 
Asbestos has been known for long to act as carcinogen and as well as co-
carcinogen. Air pollution levels of asbestos were reported to be elevated in the areas 
surrounded by asbestos industries (WHO, 1998). It is suggested that low-dose exposure to 
asbestos in general environment (non-occupational) as well as occupational environment 
carry measurable risk of limg burden and serious lung diseases (Rahman et al 1993; 
Magnani et al 2000). In the natural condition of workplaces and environment, the 
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population is exposed to multiple toxicants from chemical to particulates either 
occupationally or domestically. Several epidemiological and experimental studies have 
proven that the presence of some other predisposing factors like exposure to cigarette 
smoke, kerosene soot and biofuels at indoor levels may accelerate asbestos induced disease 
processes (Rahman et al 2000; Lohani et al 2000). 
In India, air pollution tends to be highest indoors, where 75% of its households rely 
on "traditional" biomass fuels such as dung, wood and crop residues. These biomass fuels 
are high emitters of pollutants and carry low combustion efficiency. They are identified as 
causal agents of several respiratory diseases and adverse health effects, particularly among 
women and young children (Bruce et al. 2000). Since respiratory diseases are the main 
cause of death in developing countries, this has begun to receive greater attention. It was 
estimated that indocw air pollutants account roughly 2.2 to 2.5 milUon deaths annually in 
developing countiies (WHO 1997b). 
The present dissertation addresses the impact of chrysotile fibers exposed non-
occupationally and simultaneously exposed to biomass fuel smoke at domestic level. The 
study also deals with the effect of asbestos on various fauna and its bioaccumulation near 
an asbestos cement factory. The study also comprises the DNA damage and early 
susceptibility to lung cancer risk by using well designed cytogenetic and biochemical 
biomarkers like Micronuclei, Chromosomal aberration, and Cytochrome P450 lAl in 
blood lymphocytes of asbestos and biomass exposed Indian population. Efforts have been 
made to understand the mechanism of asbestos induced piilmonary injury in experimental 
animals and therapeutic aspects against asbestos and benzo (a) pyrene co-exposure induced 
pathogenecity using dietary antioxidants. 
The result of the present investigations gives deeper insight pertaining to the 
mechanism of action and deleterioiis nature of above-mentioned particulates alone and with 
co-exposure in laboratory model and human biomonitoring studies using various 
biochemical and cytogenetic markers. These studies of particulates exposed population 
provides new and reliable practical tool for human risk assessment in field level, which may 
over come the usual epidemiological end points like morbidity and mortality. 
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Review of Literature 1 
Historical Aspects 
Since times immemorial man had realized that the earth crust was rolling in minerals 
and ores to create tools and pottery and ceramics or to construct buildings. Among the 
various minerals fotmd on the earth, silica is the most abundant. Other minerals include 
limestone (eg. Marbel, dolomite), coal (eg. Anthracite, graphite), asbestos fibres and clay 
(e.g. kaolin or china clay, mica). Silica is present in graphite, feldspar, sandstone and shale. 
Natural silica may occur as alpha-quartz, cristoballite and tridymite. According to Pooly, 
Piney was the first auAor to use the word "asbestos" to refer to a fibrous mineral. The word 
is of Greek derivation, and means "inextinguishable" or "unquenchable", a meaning 
somewhat opposite of its true nature of being incombustible. Asbestos was used as a 
cremation cloth in 445-425 B.C., and the Romans (30 B.C. and 175 A.D) used asbestos in the 
wicks of lamps. Marco Polo recorded that Tartars in the Khanate Provinece of Ghinghintalas 
used asbestos during the Yuan Dynasty. Chevalier Jean Aldini (1762-1834) used asbestos 
cloth to make a fire-resistant suit. 
The commercial production of asbestos did not begin until IQ"' century. Between 
1710 A.D. and 1720 A.D. asbestos was discovered in the Ural Mountains of Russia, and 
verities of asbestos products were made in the factories operated during the region of Peter 
the Great. The products produced included textiles, socks, gloves and handbag. The first 
commercial use of asbestos originated in Italy in approximately 1810 A.D. There was a great 
demand for asbestos in England and the United States, which led to rapid developments of 
mines near Danville and Thatford Mines. 
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Mineralogy and Definition 
The word "asbestos" is defined in Webster's Medical Dictionary as "a mineral that 
readily separates into long flexible fibres suitable for use as non-combustible, non-
conducting, chemically resistant material". With such properties it is not surprising that 
asbestos has been used as a "magic or a miracle mineral". Practically speaking, asbestos is 
best through of as a generic term applied to a group of silicate minerals with a fibrous 
crystalline structure that have among their properties a high tensile strength, resistance to 
heat, high aspect ratios (laigth to width ratios), and resistance to many chemicals. Asbestos 
is some time simply defined as group of fibrous hydrated silicate minerals with high aspect 
ratios. The several minerals constituting "asbestos" vary in fibre size, crystal structure, and 
chemical composition. They share what mineralogists some times refer to as an asbestiform 
"habit" in that the mineral crystallize into bundles of thousands of flexible fibrils that look 
like organic fibres. Terms that are sometimes used to describe asbestos or similar minerals 
include fibre, fibrous asbestiform, and acicular. The term fibre resembles and organic fibres; 
the term fibrous is used to describe a crystallization habit in which the fibres have a high 
tensile strength and flexibility than crystals in otha- parts of the same mineral; asbestiform is 
generally synonymous with fibrous or sometimes is mean to mean "like asbestos"; and 
acicular" refer to a crystal that has a needle-like form. 
Identity: Physico-chemical Properties of Mineral Fibres 
Asbestos is a collective name given to minerals that occur naturally as fibre bundles 
and possess unusually high tensile strength, flexibility and chemical and physical durability. 
Mineral fibres in ore are not respirable until released and made air-bome during mining and 
processing. The properties usually attributed to asbestos as controlling both its stability in the 
environment, and its biological behavior, include fibre length and diameter, surface area, 
chemical nature, surface properties and stability of the minerals within a biological host. The 
family of asbestos minerals can be sub-divided in to serpentine and amphibole fibre. 
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Serpentine Group mineral 
Chrysotile 
Chrysotile, which accounts for over 90% of the world's production of asbestos, is the 
most common serpentine fibre. Chrysotile is a sheet silicate, composed of planar-liked silica 
tetrahedral with an overlying layer of brucite. The silica-brucite sheets are slightly warped 
because of structural mismatch, resulting in the propagation of a rolled scroll that forms a 
long hollow tube. These tubes form the composite fibre bundle of chrysotile. Some trace 
oxides are always present as a result of contamination during the formation of the mineral in 
the host rock. 
Chrysotile fibres are long, flexible and curved and they tend to form bundles that are 
often curvilinear with splayed ends. Hydrogen bonding and/or extrafibril solid matter hold 
such bundles together. Chrysotile fibres naturally occur in lengths varying fi'om 1 to 20 mm, 
with occasional specimens as long as 100 nun. 
Amphibole group minerals 
The amphibole minerals are double chain of silica tetrahedral, cross-linked with 
bridging cations. The hollow central core typical for chrysotile is lacking. Magnesium, iron, 
calcium and sodium have been reported to the principle cations in the amphibole structure. 
Crocidolite 
In crocidolite iron can be partially substituted by Mg"^  within the structure. Typical 
crocidolite fibres bundles early disperse into fibres that are shorter and thinner than that of 
amphibole asbestos fibres similarly dispersed. In comparison to other amphiboles or 
crocidolite, chrysotile has a relatively poor resistance to heat, but its fibres are used 
extensively in applications requiring poor resistance to acid. Crocidolite is usually associate 
with organic impurities, including low levels of polycyclic aromatic hydrocarbons such as 
benzo(a)pyrene. Around 4% of asbestos being mined at present as crocidolite. 
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Amosltc 
Amosite fibres are generally larger than those of crocidolite, but smaller than particles 
of anthophyllites. The Fe^ to Mg^ ratio varies, but is usually about 5.5:1.5. Most amosite 
fibrils have straight edges and characteristic right angle fibre axis termination. 
Anthophyllitc 
Anthophyllite asbestos is relatively rare, fibrous, orthorhombic, magnesium, iron 
amphibole, which occasionally occurs as a contaminant in talc deposited. Typically, 
anthophyllite fibrils are more massive than other forms of asbestos. 
Trcmolltc 
The other fibres include tremolite asbestos, a monoclinic calcium-magnesiimi-
amphibole, and its in substituted derivative, actinolite asbestos. Both rarely occur in the 
asbestos habit, but are common as contaminants of otlier asbestos deposits; actinolite 
asbestos occurs as a contaminants fibre in amosite deposits and tremolite asbestos as a 
contaminant of both chrysotile and talk deposits. Tremolite asbestos fibrils vary in size but 
may approach the dimensions of fibrils of those of crocidolite and amosite. 
Uses 
Asbestos is attractive to industries because of its resistance to heat and chemicals, 
high tensile strength, and lower cost compared to man-made minerals. Asbestos is 
incorporated currently into cement construction materials (roofing, shingles, and cement 
pipes), friction materials (break linings and clutch pads), jointing and gaskets, asphalt coats 
and sealants, and other similar products. As result of these applications, an estimated 20% 
buildings including hospitals, schools and other public and private structures contain asbestos 
containing materials (ACM). Asbestos in building does not spontaneously shed fibres, but 
physical damage to ACM by decay, renovation or demolition can cause release of airborne 
fibres. 
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Health Impacts Associated with Exposure to Mineral Fibres 
Pathological Changes Associated With Asbestos Exposure 
Occupational exposure to asbestos minerals poses a major health hazard in 
most industrialized nations of the world. Different type of diseases caused by asbestos 
exposure may be grouped as: 
1. Inflammatory Response 
The sequence of events in the lung, following deposition of dust particles includes a 
change in the free cell population, primarily characterized by an increase in pulmonary 
macrophages and polymorphonuclear inflammatory cells (Brody et al. 1981; Cohen, 1981; 
Warheit et al. 1984; Spurzem et al. 1987). Further, a change m the composition of the lung 
lining fluids has also been reported (Last and Reiser, 1984). The inflammatory response to 
these foreign bodies have been reported to stimulate the release of a variety of inflammatory 
cell mediators and growth factors which are reported to play an important role in the 
fibrogenesis of the lung (Cohen, 1981). The toxicant induced cell injury and associated 
inflammatory response is followed by an increased rate of collagen synthesis and alteration 
in the type of collagen produced (Last and Reiser, 1985; Chang et al. 1988). It is the resultant 
imbalance in collagen synthesis that appears to be responsible for the fibrotic changes in the 
lung. However, the important unknowns are the molecular connections that link cell injury, 
inflammation and increased fibrogenesis of the lung. The other consequences of this 
inflammatory process have been reported to be the release of oxygen free radicals, which 
cause peroxidation of membranes and damage to biomolecules such as DNA (Johnson and 
Ward, 1982). The typical influx of the inflammatory cells (Neutrophils, fibroblasts and 
macrophages) that occurs due to the generation of numerous chemotactic factors is an 
mtegral part of the response to asbestos mediated injury (Bignon et al. 1982). The first 
reaction to asbestos involves a direct triggering of the inflammatory cascades (Thrombin, 
plasmin, kinin and arachidonic acid metabolism that initiates a classical acute inflammatory 
response). 
Foreign body giant cells are considered to arise by fiision of several closely appeased 
activated macrophages, and it is possible that this process particularly favored where 
• I ly~' 
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several cell accumulate in an attempt to engulf long asbestos fibres. Asbestos bodies are 
formed, in such conditions when long fibres become coated with glucosaminoglycans and 
then impregnated with ferritin (Davis, 1965; Suzuki and Churg, 1969; Govema and Rosanda, 
1972). Direct agreement between degree of inflammatory response and the timior promoting 
activities of asbestos has been reported (Jaurand et al. 1979). It is possible that asbestos 
fibres acting as tumor promoters, induce or enhance the release of inflammatory materials 
from intact cells (Placke and Fisher, 1987) and that this release is directly related to their co-
carcinogenic properties. 
2. Pleural Plaques 
Hyaline plaques of the parietal pleura occur in association with exposure to all 
commercial type of asbestos. They are more common than the puhnonary paranchymal 
lesions of asbestosis, thus their presence does not necessarily imply coexistent asbestosis. 
The majority occurs after 20 years or more of the exposures. The almost invariably involve 
the parietal pleiira, less commonly they are found on the visceral pleura or parietal 
peritoneum. They are usually bilaterally symmetrical and appear as well circumscribed, 
pearly white or creamy, fibrotic elevations of the pleura. Their surface is smooth and 
glistering with a flat, plateau like or nodular counter. They range in size from a few 
millimeters to several centimeters in diameter. Most commonly they are found following the 
lines of the lower ribs posterior or on diaphragm. On cut section, they have consistency of 
cartilage. Histologically, a plaque is composed of vascular and acellular bvmdles of 
hyalinised collagen arranged in a reticulated mesh or "basket weave" pattern. Some of the 
more nodular plaques show a whkled pattern of collagen fibres. Focal calcification is fairly 
common and elastic fibres are sometimes demonstrable within the plaque (Roberts, 1971). 
Although the plaques are ahnost acellular, lymphocytes and plasma cells may be present 
around blood vessels beneath the plaques. The origin of the plaque is not known; 
histological studies suggest an extra pleural rather than a pleural origin (Thomson, 1969). 
Asbestos bodies are rarely seen m plaques, though they can usually be detected in the 
underlying puhnonary parenchyma (Roberts, 1971). Short uncoated fibres may be present in 
a proportion of plaques. Pleural plaques rarely, if ever, undergo malignant changes. Chest 
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CT is necessary for detecting asbestos induced pulmonary and/or pleural lesions (Kishimoto 
and Ikariya,. 2000). 
3. Asbestosis 
Asbestosis is fibrosis of lung caused by asbestos fibres, which may or may not be 
associated with fibrosis of parietal or visceral pleura (Parker et al, 1974). It is characterized 
by the airway obstruction and air trapping, reducing vital capacity (Kilbum, 2000). It is the 
disease of the professional asbestos worker in that its onset is generally dependent on 
prolonged and relatively heavy exposures to asbestos dust, rather than more intermittent 
casual episodes of light exposure. Most of the cases of asbestosis have had industrial 
exposures of 10 years or more, and cases are documented in which there is an association 
with all commercially used forms of asbestos (chrysotile, crocidolite, amosite and 
anthophyllite). The disease is progressive, even after the contact with asbestos dust have 
ceased, but if exposure ceases at early stage the progression may be slowed down in some 
cases. Formerly tuberculosis was regarded as common complication of asbestosis, but it is 
now regarded as rare accompanying condition. The mechanism how the fibres induce limg 
fibrosis is not well known, however studies have shown that long fibres in higher doses are 
more fibrogenic than short fibres. Chrysotile seems to be more fibrogenic than amphibole 
asbestos. 
Mucopolysaccharides play an important role in fibrosis. Asbestos exposure increases 
the uptake of sulfated polysaccharides by human embryonic cells in culture. Increase in 
Glycosamine and hydroxy-1-proline has also been shown in asbestos exposed animals 
(Viswanathan et al. 1973). However it might be possible that alveolar macrophages could 
also be stimulated by the fibres to liberate a fibrogenic factor (Allison et al. 1977). The 
interaction between pulmonary macrophages and lung fibroblasts are also suggested to be 
involved (Churg, 1982; Warheit et al. 1986). After exposure to asbestos, macrophage rush to 
phagocytose the fibres, and some of them die fighting against fibres and release some 
fibrogenic factor(s). Robinson et al. (1986) had shown a neutrophil-eosinophil alveolitis in 
patients with asbestosis and elevated number of both type of cells in bronchoalveolar lavage 
fluid in these patients. The proportion of neutrophil recovered was correlated with the 
duration of exposure to the mineral fibres. Neutrophils release a coUaginase that is not 
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inhibited by ocl-antiprotease and that conceivably induce lung injury (Sibille et al. 1984). As 
there is no known treatment and the disease is definitively progressive, early detection of the 
disease is essential, further research in this direction is in progress. 
4. Bronchogenic Carcinoma: 
A number of occupational studies have demonstrated the association between 
exposure to various types of mineral fibres and bronchogenic carcinoma (McDonald et al, 
1987). Bronchogenic carcinoma is tumor, arising in tracheobronchial epithelial or alveolar 
epithelial cells. The average latency period of the disease i.e., the diagnosis of the disease 
from the time of first exposure to asbestos ranges firom 20 to 30 years. The degree of 
association varies with the type of mineral fibre, fibre morphology, concentration, exposure 
regimen, and other predisposing factors like smoking habits or the presence of certain other 
chemicals, but there is usually a dose response relation (fibre per cm"* of air times the number 
of years of exposure). Lung tumor is rare among the mineral fibre workers who do not 
smoke, although early epidemiological studies indicated that the effect of mineral fibres and 
smoking combines in a multiple fashion to produce lung cancers (Saracci, 1977). Several 
considerations are relevant to the question of the possible contribution of the environmental 
mineral fibres to the lung cancer among members of general population. First, the numbers of 
coated mineral fibres (ferruginous bodies) in the lungs of persons with and without limg 
cancers are comparable (Churg and Wamock, 1979). Second, the correlation between the 
incidence of plaques (an indicator of mineral fibre exposure) and the increased risk of lung 
cancer is variable, weak, and inclusive. 
5. Mesothelioma 
Mesothelioma is a cancer arising in the pleural and peritonial cavity of the lung. 
Approximately 80% of diffuse malignant mesotheliomas occur in men exposed to mineral 
fibres in the workplace and sometimes in their family members or in persons who lives near 
mines. Diffuse malignant mesothelioma is a fatal timior arising from mesothelial cells or 
underlying mesenchymal cells in the pleura, pericardium and peritoneum. The time between 
diagnosis and initial exposure to mineral fibres commonly exceeds 30 years. Smoking 
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evidently does not enhance the risk of mesothelioma in these workers (Mossman and Gee, 
1989). Patients with malignant mesothelioma may be asymptomatic at first, but they often 
dyspnoea and chest pain with pleural fluid of variable mobility (Antman and Corson, 1985). 
Pleural thickening or interstitial fibrosis is apparent on chest films in approximately 20 % of 
patients, and CT scan reveals calcification of the tumor mass in almost half (Grant et al. 
1983). Since malignant mesotheliomas vary histologically, ranging from epithelial to 
squamatous and mixed forms, diagnosis by microscope is difficult. The tumors may be 
confused with those of metastatic cancer or, less commonly with inflammatory or reactive 
processes, including exuberant mesothelial hyperplasia. When the tumor appears in a 
glandular or tubulopapillary pattern, it may be misdiagnosed as a metastatic adenocarcinoma. 
Although asbestos is the most commonly associated "enviroimientar factor with 
mesothelioma, asbestos does not transform human mesothelioma cells in tissue culture. 
Recent studies have suggested the involvement of Simian Virus 40, as co-carcinogen with 
asbestos in the pathogenesis of occupationally induced mesotheliomas (Carbone et al 2000; 
Emri et al. 2000). 
Bfofueis and Health Effects 
Air pollution is primary thought of as occurring in outdoors-urban locations in 
developed countries where fossil fuels are the principle sources of emission. The combustion 
of fossil fuels for the generation of aiergy and for transportation have aroused a great 
concern due to its impact on human health and is also considered as the major cause of 
indoor air pollution. The combustion products of unprocessed biomass fuels used by the poor 
urban and rural folk for cooking and heating purposes are the main lethal factors for their 
health impact. However time budget studies have shown that 90% of their time is spent 
indoors and increased levels of pollution occurs in rural locations of developing coimtries 
where agricultural is dominant and "traditional" biomass fuels like wood, dung and crop 
residues are the main source of combustion. That the indoor environment is not exact 
reflection of outdoor conditions has been realized recently. Measured levels of air pollution 
in houses of developing countries far exceeded indoor and outdoor air concentration found in 
developed countries (Smith, 1997). The major impact of indoor air pollution occurs in the 
respiratory system. Since respiratory diseases are now the main cause of death in developing 
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countries, it has begun to receive greater attention (Pandey et al 1989). It was estimated that 
indoor air pollutants account for roughly 2.2 to 2.5 million deaths annually in developing 
countries (WHO, 1997). 
In India, air pollution tends to be highest indoors, where biomass fuel such as 
animal dung, wood, crop residues and grasses are burned with or without help of Kerosene 
oil in many households for cooking and heating purposes. According to National Family 
Health Survey (1992-93) three quarters of Indian households use unprocessed biomass as 
their primary fuel for cooking. Compared to other countries, India has among the largest 
burden of disease due to the use of "dirty" household fuels. 28% of all deaths due to indoor 
air pollution in developing coxmtries occur in India (Smith, 2000). These biomass fuels are 
high emitters of pollutants and carry low combustion efficiency and it has been implicated as 
casual agents of respiratory diseases especially in developing coxmtries (Majid Ezzati and 
Daniel., 2001; Smith et al 2000; De Francisco et al. 1993; Pandey 1984 a & b; Chen et al. 
1990). Clmical studies suggested that the use of some of the above described fuels 
particularly cow dung and wood is associated with chronic bronchitis and functional change 
of airway obstruction (Padmavati and Arora, 1976; Behera and Jindal, 1991). A high 
incidence of chronic bronchitis was reported among the residents af rural Nepal hills due to 
domestic smoke pollution caused by indigenous cooking fuels. Behera and Jindal (1991) 
study further suggests that the woman's are more susceptible to respiratory problems and 
impaired ventilatory function, when exposed to biomass pollutants (Behera et al, 1994). 
The daily pollution exposure firom cooking with biomass typically exceeds relevant 
health based guidelines by factor 20 or more (Smith and Liu, 1994) The evidence of causal 
relation of cooking smoke and TB is tenuous. A recent Indian study in Northern India noted a 
strong association between use of biomass fuels and pulmonary tuberculosis (Gupta et al. 
1997). Approximately 500,000 persons die from pulmonary tuberculosis each year in India 
(WHO, 1997). Another impact effect includes blindness due to biomass pollution indicate 
18% of partial and complete blmdness among persons age 30 and older may be attributed to 
biomass fuel use (Mishra et al. 1999). 
Reviews of studies in India, Nepal, Nigeria, Kenya showed that the indoor air 
concentrations for the four major pollutants (Total suspended particulates, benzo(a) pyrene. 
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carbon monoxide and oxides of nitrogen) are very high (Balakrishnan et al. 2002; WHO, 
1984; Smith., 1987; WHO, 1992; Xiao and Xu, 1985). In addition, these studies strongly 
suggested the correlation between domestic smoke exposure and acute respiratory infections 
as well as chronic obstructive Ivmg diseases (Pandey et al. 1989; Smith 1987, 1988). Xiao 
and Xu et al. (1985) studied cases of lung cancer in the Chinese women exposed to 
household fuel. Xu et al. (1989, 1995), found that those who cooked in the same room as 
they slept had higher risks of lung cancer than those who did not. Studies on acute respiratory 
infections have shown that domestic smoke pollution is assiuned to be an important risk 
factor in infants and children in the hill region of Nepal (Pandey et al. 1989). Several 
ingredients of smoke from biomass combustion are actually or potentially carcinogen. While 
combustion of biomass fuel produces various irritant gases and toxic substances includes 
carbon monoxide, oxides of sulfur and nitrogen, polyaromatic hydrocarbons such as benzo 
(a) pyrene, aldehydes such as formaldehyde, carcinogen and other potential irritants (WHO, 
1984; Smith., 1987; WHO, 1992). In addition, study done by Smith et al. (1983) assess the 
level of ben2o(a)pyrene, a potent carcinogen, by using personal sampler at four villages in 
Western India, foimd that average benzo(a)pyrene exposure during the cooking period was 
nearly 4000 mg/m. This is an extremely large concentration by global standards. In terms of 
the amounts of B(a)P that would be inhaled, it is equivalent to smoking about 20 packs of 
cigarettes per day. Use of biomass fuels thus poses a major health risk for rural woman. 
Recent study reports that PMio generated by gas cooking have high potential to cause 
proinflammatory effect in lung cells (Dick et al. 2001). Further these tiny particles can enter 
the human blood stream from the lungs has recently been discovered (Down to Earth. 2002). 
It's also evident from Michaiska et al. (1999) study that women exposed to chronic 
envirorunental pollutant may cause genetic damage too and in vitro study suggest that 
exposure to ambient particulate mater cause increase in protooncogene expression and 
proliferation in alveolar epithelial cells (Timblin et al. 2002). 
The Role of Genetic Toxicology In Health Effects 
It is well known that many chemicals of natural or synthetic origin have adverse 
effects on living organisms including man. Such toxic effects result in more or less 
immediate reactions to the exposures. However, classical toxicology has usually ignored 
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those effects, which do not resuh in more or less immediate reactions but in highly delayed 
responses. Genetic toxicology identifies and analyses the action of agent with toxicity 
directed towards the hereditary components of living system. Induction of genetic damage 
may result in very rapid response within the exposed cells but expression can come late, and 
in the genetic context late means generation after the original incident. Some toxicants 
damage the genetic complex at concentrations also producing acute non-specific cytotoxicity 
and death. The primary objective of genetic toxicology, however is to detect and analyze the 
hazard potential of those agents that are highly specific for interactions with nucleic acid and 
produce alterations in genetic elements at sub toxic concentrations. Compound exposures for 
genetic toxicology studies range from acute to chronic, thus falling into three major temporal 
subdivisions of toxicology testing. 
History of Genetic Toxicology 
Genetic toxicology evolved fi-om the initial studies of gene mutability demonstrated 
first by MuUer (1927) using radiation, followed almost 20 years later by Auerbach et al 
(1947) using chemicals. Genetic changes in animals induced by radiation, chemicals were 
demonstrated by Cattanach (1966) and Russell (1977) at Oak Ridge. This work created the 
awareness that some of the "hereditary" diseases observed in human populations might be 
environmental in origin (Russell, 1977). Proof in the early 1940s that deoxyribonucleic acid 
(DNA) is the hereditary material and the subsequent elucidation of its primary, secondary 
and tertiary structure by Watson and Crick in the early 1950s, opened up new avenues of 
research into the mechanisms of mutagenesis. 
Genetic toxicology was recognized as a discipline in 1969 when Environmental 
Mutagen Society was founded under the leadership of Dr. Alexander Hollaender and several 
other geneticists who were concerned about the potential genetic impact associated with the 
proliferation of man-made chemicals in the environment. The concept of genetic toxicology 
was clearly consistent with the intense concern for environmental protection that prevailed at 
that time. 
Thus, genetic toxicology has played a dual role in safety evaluation programmes. One 
of its functions is the implementation of testing and risk assessment methods to define the 
impact of genotoxic agents found in the environment. The presence of these agents may alter 
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the integrity of the hviman gene pool. The second function is the application of genetic 
methodologies in the detection and mechanistic understanding of carcinogenic chemicals. In 
this latter regard, genetic toxicology has been applied as a front-line screen for potential 
carcinogens. 
Target of Senotoxic Agent In Cells 
Living organisms are divided into two large categories. These are prokaryotes like 
bacteria where the genetic material i.e. DNA, is free within the cell and in eukaryotes the 
genetic information is cased into compartments. Most of the genetic material is located in the 
nucleus and it is arranged in complex molecular structures, the chromosomes, consisting of 
DNA and specific proteins. Additional genetic information can be found in other organelles 
like mitochondria, the site of the cellular respiratory activity. The genetic information in 
prokaryotes and eukaryotes is laid down in the base sequence of DNA and consequently, 
DNA is the uniform and ubiquitous genetic materials of all cellular organisms. However, 
when it comes to genetic damage, DNA is not the only chemical target. Specially the highly 
complex spatial structure of the genetic elements in eukaryotes and also the regular 
distribution of genetic elements during cell division requires additional molecules and 
provides additional targets: Chromatin (DNA + Protein), ^indle fibre apparatus, for the 
orderly distribution of chromosome during cell division (proteins, membranes) and also 
organelles whose structural and functional integrity require intact membranes (DNA, 
proteins, membranes). Each one of the different constituents is a primary target for 
disruption of genetic integrity. In addition to direct effect, agent can interfere with various 
metabolic reaction like those involved in replication of DNA, expression of genetic 
information in the process of transcribing DNA base sequences, into DNA sequences and 
finally in the formation of functional and specific proteins. All this is called macromolecular 
synthesis, which follows the genetic blue print accurately. Faulty enzymes may commit 
mistake in macromolecular synthesis, which will results in increased genetic damage and 
mutation. 
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Chromosomal Aberration 
Any kind of structural or numerical variations in the normal set of chromosomes 
could be defined as chromosomal aberration. Briefly, chromatid gaps were defined as 
achromatic lesions less than the width of the chromatid, whereas chromatid deletions were 
scored if the separation was greater than the width of the chromatid. Chromatid breaks were 
scored as discontinuous if more than the width of a chromatid or discontinuous if equal to the 
width of a chromatid with displacement from the chromatid axis and without visible 
connecting material. Chromosome breaks were terminal breaks without sister union, acentric 
fragments in the absence of an aberration that could have generated fragments, and interstitial 
deletions. The structural aberrations observed in metaphase cells are basically of two types. 
Chromotld Type 
These are characteristic of damage to a single chromatid and could be sustained at 
any stage of the cell cycle and translated into breakage or exchange events dining or after the 
replication of the chromosomes in the S phase of the cycle. These kinds of aberrations 
include. 
a. Chromatid Gap 
Chromatid gap is an unstained region in the chromatid. The length of the gap is usually 
less than the width of the chromatid and on varies careful examination; fine thread 
can sometime be seen running across the non-staining region. 
b. Chromatid Break 
This is somewhat similar to a chromatid gap, but the terminal part of the chromatid gets 
so much displaced that it is no longer attached in any way to the proximal part of the 
chromosome. 
c. Isochromatid Gap 
An isochromatid gap is similar to chromatid gap, but involves both the chromatids of a 
chromosome at the same loci. 
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d. Chromatid Interchange 
It involves an exchange between single chromatid in each of two chromosomes and result 
in configuration having four arms, which may be referred to as "quadriradial", 
sometimes "triradial" type of exchange also occurs. 
e. Triradial and Multiradial chromosomes 
In the triradial, part of the chromosome is duplicated; it has three branches in contrast to 
quadriradials, which has fotir. Triradials are much rare than quadriradials. 
Chromosome type of aberration 
Chromosome types of aberrations are characteristic of damage siistained in Gl phase 
of cells, which is translated into breakage/exchange events prior to chromoscMne replication. 
Besides chromosomal gaps and breaks other chromosomal aberratk)ns could be grouped as: 
Structural Abnormalities Caused by Chromosomal Rearrangement 
Chromosomes some times break spontaneously, or a mutagenic agent, such as 
ionizing radiation or chemical compounds, may cause the breakage. Unlike normal 
chromosomal ends, the broken ends rejoin; in other words, the break heals. However, a break 
may lead to a deletion, or if more than one breaks has occurred in a cell, to structural 
rearrangement of the chromosomes. 
Chromosomal breakage is not a rare event. All cells have enzymes to repair the 
broken DNA strands, and such repair goes on throughout the life of the each cell. It is now 
known that there are preferred sites for chromosomal breakage, which correspond with 
known fragile sites. 
Abnormalities arise only if the chromosome breaks at non-homogenous sites leading 
to unequal exchanges. There are two major classes of detectable rearrangements; those 
within a single chromosome and those involving more than one chromosome. 
Micronuclei Induction 
Micronuclei are formed by malsegregated acentric chromosome fragments or by 
whole chromosomes, which are not integrated into the main nucleus during the cell division 
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and latter they appear in the cytoplasm a small micronuclei (Ortiz et al. 1997). Briefly, 
micronuclei had the following characteristics: round or oval, smaller than 1/3 of the size of 
the main nucleus, same color as the main nucleus but can be lighter in intensity, must not 
touch the main nucleus (Fenech et al. 2003). Frequency of the cells with micronuclei reflects 
chromosomal damage (Heddle et al. 1983). Further the staining of kinetochore in 
micronuclei with anti-kinetochore serum, obtained from the serum of patients with 
autoimmune disease scleroderma CREST (Calcinosis, Raynoid's phenomenon, Eosophageal 
dysmotility, Sclerodactyly, Telangiectasia), helps in the detection of events affecting the 
regular distribution of the chromosomes during mitosis (Degrassi and Tanzarella, 1988). 
KJsz of Biomorkers and Mechanism of Action 
Most of the conventional techniques that has been proven with time for analysis of 
genotoxic effects of different fibers and particles and still in use are the Chromosomal 
aberration (CA) study, Micronuclei (MN) assay. Sister chromatid exchange (SCE) study. 
Fluorescent in situ hybridization (FISH), etc. 
The MN assay is an alternative to metaphase analysis for biomonitoring of human 
populations to detect chromosomal damage induced by different factors (Stopper and Mtiller, 
1997). A micronucleus is formed during cell division when the nuclear envelope is reconstituted 
around chromosome fragments lacking a centromere (acentric fragments) and/or a lagging whole 
chromosome that is not incorporated into the main daughter nucleus. This gives rise to a separate 
smaller nucleus in addition to the main daughter nucleus. The quantification of MN formation 
offers a measure of both chromosome breakage and chromosome loss (Gutierrez-Enriquez and 
Hall J, 2003/ As the process of MN formation requires the completion of one nuclear division, 
the measurement of MN induction is most accurately measured by the analysis of only those 
cells that have divided. The easy identification of such cells was made possible by a technique 
developed by Fenech and Morley in 1985, in which the process of cytokinesis was blocked, by 
adding cytochalasin-B (Cyt-B) to the cells in culture (Fenech and Morley, 1985 a & b). Cyt-B 
inhibits the division of the cytoplasm but not that of the nucleus leading to the formation of a bi-
nucleated (BN) cell. Quantification of MN in such BN cells allows the analysis of the cell 
population that has divided only once. Cells that do not divide remain mono-nucleated, whereas 
cells that have divided twice or more are multi-nucleated (Fenech and Morley, 1985b). The 
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cytokinesis-block micronucleus assay (CBMN) has been demonstrated to be a reliable method 
for assessing in vivo and/or in vitro, radiation-induced chromosome damage in peripheral blood 
lymphocytes (Fenech 1993, 2000; Muller, 1996). Ault et al., (1995) using high-resolution time 
lapse video-enhanced light microscopy and the uniquely suited lung epithelial cells of the new 
Taricha granulosa, characterized the behavior of crocidolite asbestos fibers, and their interactions 
with chromosomes, during mitosis in living cells. They found that the keratin cage surrounding 
the mitotic spindle inhibited fiber migration, resulting in spindles with few fibers. Physical 
interactions between crocidolite fibers and chromosomes occurred randomly within the spindle 
and along its edge. They suggested that fibers thin enough to be caught in the keratin cage and 
long enough to protrude into the spindle are those fibers with the ability to snag or block moving 
chromosomes (Ault et al. 1995). The origin of these micronuclei can further be characterized 
following the kinetochore staining of the induced micronuclei using CHREST serum 
antikinetochore antibody (Dopp and Schiffmann, 1998) and anti-human IgG, gamma chain 
specific antibody (kinetochore positive micronuclei represent their origin fi-om chromosomal loss 
resulting in aneuploidy and kinetochore negative micronuclei are derived from broken parts of 
chromosome resulting in clastogenicity). Lohani et al. (2000) using kinetochore staining 
revealed a significant in kinetochore positive micronuclei in kerosene soot treated cells 
indicating an involvement of clastogenic events contributing to micronuclei formation. 
Chromosomal aberration is one of the earliest techniques that have been used to access 
the genotoxic effects of different materials. It has been suspected for nearly a century that cancer 
develops as a result of aberrations in the nucleus. Attempts to understand this began with 
karyotype analysis of tumors, which revealed a broad range of chromosomal duplications, 
deletions, and rearrangements. In the late 1980's, Vogelstein et al. used RFLP analysis to 
systematically characterize the frequency and locations of chromosomal losses. Inactivating 
mutations occur through a variety of mechanisms including point mutations, and insertions and 
deletions of variable lengths that result in frame shifts, sequence deletions, and other 
rearrangements (Boland, 1996). The mechanisms by which fiber-induced genotoxicity are not 
yet clear, but direct interaction with the genetic material and indirect effects, via production of 
reactive oxygen species (ROS) have been proposed. Asbestos did not significantly induce gene 
mutations in bacterial and mammalian systems but led to a clear induction of structural and 
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numerical chromosome aberrations in cultured mammalian cells (Speit , 2002). Many tumors 
contain an astounding number of chromosomal segment deletions described by the term "loss of 
heterozygosity" (LOH). In some instances, more than half of all genetic targets probed have 
experienced LOH. The mechanism that accounts for this is unexplained. At least one mechanism 
has been identified that accounts for a very high frequency of point mutations and frame shift 
mutations occurring at microsatellite sequences. This phenomenon, referred to as "microsatellite 
instability" is due to an inactivation of the DNA mismatch repair system (Boland, 1996). 
Pylkkanen et al. (2002) in an experiment observed that 100% of the cultured malignant 
mesothelioma cells exhibited LOH at the NF2 gene region. It was concluded that LOH data 
indicate that malignant mesothelioma cells exhibit allele losses at multiple tumor suppressor 
gene sites concurrently, involving NF2 gene preferentially. This supports the view that the 
accumulation of multiple genetic hits is characteristic to malignant transformation of malignant 
mesothelioma cells (Pylkkanen et al. 2002). Hirao et al. (2001) confirmed that 3p21 LOH is 
strongly associated with measures of biologically effective dose of exposure to tobacco 
carcinogens and that, LOH in 3p21 may be an early molecular event in non-small cell lung 
carcinoma, because it is significantly associated with a tendency to start smoking at a young age. 
CyPlAl as a Marker of Particulate Exposure 
AHRIIgand 
Increased 
yPF "1 CYPtAI, CYP1A2. 
CYP1B1 transcripbon 
dJ 
Schematic diagram of PAHs mediated CYP lAl induction 
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Generating cytochrome P450 (CYP450) monooxygenase enzyme profile, blood 
lymphocytes provide a sensitive and mechanistic based biomarker of PAHs exposures. 
Among CYP 450, CYPlAl play a central role in the bioactivation and inactivation of a wide 
variety of environmental toxic chemicals, xenobiotic and endogenous compounds (loannides 
1990; Anttila et al. 1992). The main substrates for and inducers of CYPlAl is polyaromatic 
hydrocarbons (PAHs) and induced activity of CYPlAl can be measured by assaying ethoxy 
resorufin O- deethylase (EROD) activity (Lang et al. 1996) and considered to be an indirect 
measure of the protein corresponding to the CYPlAl gene (Nebert and Gonzalez, 1987). 
However, treatment of experimental animals with carcinogenic aryl hydrocarbons is known 
to increase microsomal content of CYPlAl through the interaction with aryl hydrocarbon 
receptors (AhR). Perhaps the best-studied class AhR regulated gene is those encoding 
CYP450 enzymes (Safe and Krishnan 1995). As has been shown, PAHs are highly 
carcinogenic and that the ability to induce malignancy correlates with the expression and 
activity of the aryl hydrocarbon receptor/ transcription factor (AhR) (Kouri et al 1982). It is 
also reported that exposure to PAHs induces the transcriptional activation of CYPlAlmRNA 
in blood lymphocytes (Spivack et al 1997). The mechanism by which PAHs, 
transcriptionally activate the CYPlAl gene involves the binding of ligand to Ah-receptor, 
leads to the dissociation of Hsp 90 and followed by the binding of ligand-AhR complex 
translocates to the nucleus, where it forms a heterodimer with the AhR nuclear translocator 
(ARNT). The resulting ternary complex then binds to xenobiotic responsive elements (XRE) 
in the 5'-flanking region of the CYPlAl gene, with subsequent initiation of transcription 
(Hankinson, 1995; Xing-mei and Hong-Hao, 2000). Although the induction of CYPlAl 
represents only a small fraction of the overall CYP-dependent xenobiotics metabolism, but it 
plays an important role in toxicity, mutagenicity, teratogenicity and carcinogenicity of 
environmental chemicals (Nebert 1989). 
Toxicokinetics 
Inhalation exposure 
When mineral fibres are inhaled, many are deposited on the epithelial surface of the 
respiratory tree. The number of fibres that are deposited and the location within the airway 
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where deposition occurs is a function of the aerodynamics properties of the fibres. Typical 
fibres like chrysotile, amosite and crocidolite, about 30%-40% of all the fibres in inhaled air 
are retained with most of these (about 60%) being deposited in the upper air ways (nose, 
throat, trachea) (Morgan et al. 1978). The fibres in the upper airway consist mainly of 
relatively thick fibres (greater than about 3^m) with thinner fibres being carried deeper into 
the airways (Timbrell et al. 1982). Most fibres deposited into the airways are removed fi-om 
the lung by mucociliary transport or by AM, but a small fraction romaine in the limg for long 
periods. In addition, some fibres pass from the lung to the pleura, although the precise 
mechanism of transport is not known (Hillerdal, 1980; Rudd, 1980). Those fibres that enter 
the lymph are presumably able to reach other tissue of the body. This is supported by the 
finding of Auerbach and Garfinkel (1980) that people who exposed high levels of mineral 
fibres in the lung (measured as asbestos bodies) also had asbestos bodies in the lung, heart, 
liver, spleen, adrenal, pancreas, brain, prostate and thyroid. 
Reactive Oxygen Species (R05) 
Reactive oxygen species (ROS) is a collective terms used by biologists to include not 
only oxygen radicals (superoxide radical, O2' and hydroxyl radical, *0H) but also some 
derivatives of oxygen (02) that do not contain unpaired electron such as hydrogen peroxide 
(H2O2), singlet oxygen ('O2). Among impaired radical species relevant to biological system 
are those derived from oxygen. They are generated physiologically during the course of 
normal cellular metabolism as well as during the diseased state or tissue injury. One of the 
mechanisms for the generation of ROS involves a single electron donation to O2 resulting in 
the formation of superoxide anion (*02')- This process can occur both enzymatically such as 
through xanthine oxidase, NADPH oxidase etc. and non-enzymatically such as by the 
leakage of electron through the mitochondrial transport system. Dismutation of two 
molecules of O2 either enzymatically or spontaneously produces dioxygen and H2O2 is 
catalyzed by transition metal cations, such as ferrous iron (Fe^ in which iron is converted 
from F^ -> Fe^^ state in a process known as Fenton's reaction (Heffiier and Repine, 1989). 
There is a substantial evidence implicating ROS in the pathogenesis of various lung diseases 
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including lung cancer, pulmonary fibrosis, adult respiratory distress syndrome, emphysema, 
chronic bronchitis and pleural disease. 
Production of ROS can be facilitated by endogenous mechanisms involving specific 
cytokines such as tumor necrosis factor (TNF) and interleukins (IL-1) or after respiratory 
burst by activated AM and neutrophils. ROS are produced intracellularly at various sites 
including mitochondria via ubiquinone and flavoproteins, microsomes via cytochrome P450, 
peroxisomes, plasma membrane nuclear membrane and cytoplasm via xanthene oxidase, 
aldehyde oxidase etc. (Quinlan et al. 1994). The most commonly recognized ROS beside 'Os" 
, *0H is H2O2 and *02. Toxic manifestations of ROS include DNA strand break, lipid 
peroxidation, and alteration in enzyme activity due to disruption of active site and change in 
the configuration of protein molecule and polysaccharide depolymerization (Fridovich, 
1981). 
Since ROS alter cellular morphology and functional integrity, cells have evolved 
complex strategies for protecting their vital components by detoxifying ROS to less reactive 
substance (Quinlan et al. 1994). The protection of cell against damage from ROS is 
accomplished through both enzymatic and non-enzymatic means. The antioxidant enzymes 
(AOE) are said to constitute the fu-st line of defense against ROS attack because of their 
capability to decompose the reactive oxygen species. 
Asbestos and Predisposing Factor (PAHs) Mediated Toxicity 
There have always been debates about the nature of interaction between multiple 
environmental pollutants in causing diseases to humans. One of the most discussed agents is 
asbestos, a group of fibrous mineral silicates and a well-established carcinogen and co-
carcinogen (WHO, 1986). Asbestos is an established genotoxic agent that can induce DNA 
damage, gene transcription and protein expression important in modulating cell proliferation, 
cell death and inflammation (Kamp and Weitzman, 1999). Recent studies have proposed that 
various pathogenic pathway of asbestos induced lung disease including (a) the chemical and 
structural properties of the fibers (b) the lung fiber burden (c) fiber uptake by pulmonary 
epithelial cells (d) Iron catalyzed free radicals (e) DNA damage and cytokine/ growth factors 
and (g) cigarette smoke (Kamp and Weitzman, 1999; Mossman et al. 1990). It is suggested 
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that low-dose exposure to asbestos at home or general environment (non-occupational) as 
well as occupational environment carry measurable risk of lung burden and serious lung 
diseases known as asbestosis, pleural and peritoneal mesothelioma and bronchiogenic 
carcinoma. (Magnani e/ al. 1998 & 2000). Air pollution levels of asbestos were reported to 
be elevated in the areas surrounded by asbestos industries. In addition, peoples living in the 
vicinity of asbestos mines and asbestos-related industries may be exposed to higher levels of 
asbestos fibres (Case and Sebastien, 1987). It is suggested that low-dose exposxu-e to asbestos 
at home or general envirorunent (non-occupational) as well as occupational environment 
carry measurable risk of lung burden and serious lung diseases (Rahman et al. 1993; 
Magnani et al. 2000). In the natural condition of workplaces and environment, the 
populations are exposed to multiple of chemical and physical toxicants either occupationally 
or domestically. However several epidemiological and experimental studies have shown that 
the process of disease development in asbestos exposed humans and animals is accelerated m 
the presence of other environmental agents like kerosene soot and cigarette smoke (DeKlerk 
et al. 1991; Anf et al 1992; 1993; 1994; 1997; Kamp et al. 1998). Combustion of biomass 
fuel produces various noxious gases and toxic carcinogenic substances, which includes 
carbon monoxide, oxides of sulfur and nitrogen, poly aromatic hydrocarbons such as 
benzo(a)pyrene, aldehydes such as formaldehyde as well as other carcinogens and potential 
irritants. 
Recent studies from our laboratory have also shown acceleration of asbestos induced 
pathogenecity in the presence of kerosene and its soot and cigarette smoke (Aiifet al. 1994; 
Lohani et al. 2000; 2002). Co-exposure to asbestos and kerosene and its soot cause enhanced 
toxicity and oxidative stress (Arif e/ al., 1997). Besides, kerosene soot and cigarette smoke 
has also been reported to augment asbestos induced diseases (Kamp et al., 1998). It has 
already been established that kerosene and its soot cause several biochemical changes in 
tissues, which may leads to various cardiopulmonary disorders (Nao and lUnait 1987; Aiifet 
al. 1991). Though the mechanism of soot toxicity is still not well understood, but recent 
studies have shown that asbestos co exposure with soot may cause increased cytotoxicity to 
rat alveolar macrophages (Arif et al. 1994). Furthermore, Combustion of biomass fuels 
produces various noxious gases and toxic substances, including respirable particulates; 
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carbon monoxide and nitrogen oxides; and compounds such as polyaromatic hydrocarbons 
(PAHs), benzene, and aldehydes (Balakrishnan et al. 2002; Albalak et al. 1999; Ezzati et al. 
2000; Smith et al 1983; Raiyani et al 1993; WHO, 1991). For example, Smith et al (1983) 
found that cooking with biofuels resulted in indoor air concentrations of nearly 4000 ng/m^ 
benzo(a)pyrene. Carcinogenic PAHs like benzo(a)pyrene can either be bound to particulate 
matter (PM), whose concentration is high in biofuels (Balakrishnan et al 2002), or be in a 
volatile form. Because asbestos fibres are found to facilitate the uptake and retention of 
benzo (a) pyrene and other poly aromatic hydrocarbon (PAHs), which are bulk source in 
biofuels, resulting in increased pathological effects. (Mc Fadden et al 1986; Mossman and 
Landesman, 1983). Kerosene soot and some associated PAHs have already been proved to be 
mutagenic to salmonella typhimurium (Kadan et al 1979). In a recent investigation, we 
found that co-exposure of asbestos with kerosene soot enhances the induction of micronuclei 
through clastogenic activities (Lohani et al 2000). Further, it has also been shown that 
smoking enhances the asbestos induced genotoxicity and that exposure makes genetic system 
of cells more vuhierable to the deleterious effect of asbestos (Lohani et al 2002). This 
finding is parallel to earlier data that smoking accelerates the diseases mediated by the 
exposure of asbestos (Marsh et al. 2003). The presence of such PAHs may also effect the 
penetration and retention of asbestos fibres in the Ixmg tissues, providing asbestos fibres more 
time to stay in the lung, results in enhanced pulmonary inflammations. 
It is well established that cigarette smoking is responsible for more than five million 
premature deaths each year in flie world Every year more than this number of peoples die 
needlessly early, because of smoking, but appropriate action against the magnitude of the 
problem is still lacking. The higher death rates in smokers are related to the number of 
cigarette smoked, the age of starting and the degree of inhalation. The diseases most 
commonly encountered are lung cancer, bronchitis and emphysema, ischeamic heart disease 
and other diseases of vascular system. 
More than 92 % of the main stream (MS) of smoke is composed of 400-500 different 
gaseous compounds (Brunemann et al 1982), with nitrogen (58 %), oxygen (12 %), carbon 
dioxide (13 %) and carbon monoxide (3.5 %) as major constituents. Remaining fraction 
consists of other vapour-phase components and compounds constituting the particulate 
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phase. Among CO2 and CO, hydrogen cyanide is also formed primarily in the MS along with 
generation of ammonia, nitrogen oxides and volatile N-nitrosamines. Particulates in the 
cigarette smoke hold the majority of the mutagenic and carcinogenic agents, including 
benzo(a)pyrene, 20-40 ng/cigarette, 4 aminobiphenyl, 2.4-4.6 ng/cigarette and vinyl chloride, 
1.3-16 ng/cigarette (Paric et al. 1998). Cigarette smoke also contains considerable amount of 
two radioisotopes, Lead-210 and PoIonium-210, which are supposed to contribute to 
carcinogenic potential of cigarette smoke. The principal radical species in tar contains 
conjugated quinones and semiquinones. Aqueous cigarette smoke extract (CSE) contains 
stable semiquinone radicals which are able to reduce oxygen to super-oxide and thereby 
generate H2O2 and OH', where as in contrast to the stable radicals in tar, gas phase cigarette 
smoke contains several short lived reactive oxygen- centered and carbon-centered radicals. 
Cigarette tar containing at least lO'^ free radicals per gram is hypothesized to 
accumulate iron mobilized from asbestos or iron in the cells which is released by the 
degradation of ferritin, and accelerates the formation of highly reactive hydroxyl radicals 
(Cosgrove, 1985; Pryor and Stone 1993). Nakayama and co-workers have demonstrated that 
CSE from single cigarette results in approximately 10* DNA single strand breaks in A549 
cells (Nakayama et al. 1984). Iron induced OH" are implicated in causing genotoxicity in 
cells exposed to cigarette smoke (Kamp et al. 1998). Cigarette smoke induces as well as 
augments asbestos induced lipid peroxidation, DNA stand break formations and 8-OH-
deoxyguanosine base pair changes in DNA (Jackson et al. 1987; Leanderson and Tagesson, 
1992; Kamp et al. 1992; 1995). Recently Kamp et al. (1998) have also reported the role of 
iron-catalyzed free radicals in augmentation of asbestos induced alveolar epithelial cell injury 
and DNA damage by cigarette smoke. Induction of micronuclei, chromosomal aberration and 
sister chromatid exchanges are found m blood lymphocytes of smokers as a consequence of 
genetic damage by cigarette smoking (lARC 1973) which may eventually result in 
development of lung cancer and cancer of other organs (Brogger 1977). Alterations in both 
oncogenes and tumor suppressor genes of lung cancer cells have been reported after exposiu-e 
to cigarette smoke (Yano and Sone, 2000). 
Evidences from past studies have attributed augmentation of bronchogenic carcinoma 
as an interactive effect of cigarette smoke and asbestos exposure (Hammond et al. 1979; 
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Saracci 1987; Reif and Heeren 1999). Studies have suggested that effect of asbestos on 
exposed population may be accelerated due to tobacco smoking (Selikoff et al. 1980; Liddel 
et al. 1984; Berry et al. 1985). Asbestos and cigarette smoke both are complex carcinogens 
affecting more than one stage of carcinogenesis (Vaino and Boffetta, 1994) through the 
mechanisms, which are still not well understood. Production of reactive oxygen species 
(ROS) may be strongly implicated as an important mechanism resulting in synergistic lung 
damage (Kamp et al. 1998). Cigarette smoke extracts accelerates the OH generation by 
asbestos, which can be prevented by OH scavengers and iron chelators (Jackson et al. 1987). 
Supplementation of exogenous anti-oxidant enzymes and reduced glutathione also diminish 
the DNA damage in A 549 cells, which is induced by exposure to cigarette smoke 
(Leanderson and Tagesson, 1992; Arif e/ al. 1997). 
Roie of Biomarkers in Biomonitoring Studies 
More recently, the uses of biomarkers to estimate either exposure or resultant effects 
of chemical or toxicant have received considerable attention (Fossi and eLeanzio 1994). 
Biomarker has been defined as "a biological response that can be related to an exposure to or 
toxic effect of an environment chemical and chemicals (Peakall and Shugart 1993). The 
potential of biomarkers as useful predictive tools begin with exposure, and include 
absorption, metabolism, distribution, critical target interaction (i.e., DNA damage and 
repair), genetic changes, and finally, disease, the stage at which the traditional epidemiology 
takes over. Molecular epidemiology uses specific designed probes/biomarkers rather than 
disease symptoms to assess the risk of environmental and occupational exposure (de Meeus, 
2004; Hrelia et al., 2003). It is now feasible to supplement measurements of disease 
incidence or mortality in populations (the usual end points of classical epidemiology) with 
measurements in individuals of molecular biomarkers which reflect biologically important 
steps in the pathogenesis process, thus permitting the dissociation of some of the 
confoxmding factors which weaken the classical epidemiological approach and achieving the 
detection of lower levels of risks using smaller study populations. The biological tool to 
interpret the profound effect to particulate exposure would give an early signal of 
inflammatory responses and disease development. Some of the biomarkers generally used for 
evaluating genetic disturbances and cancer risk (Tucker and Preston, 1996; Farmer et al 2003) 
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are also used in this study like micronuclei (MN), chromosomal aberrations (CAs) and 
cytochrome P450 lAl (CYPlAl) in blood lymphocytes of particulates exposed populations. 
The first step in risk assessment is hazard identiHcation and dose response 
assessment. Monitoring and analysis of biotic and abiotic samples in the ecosystem can 
address many questions about source, distribution, partitioning and transport of contaminants 
to the higher ecosystem. So the study begun with the principles of biomonitoring, using some 
model animal species and their living materials collected around an asbestos-cement factory. 
As demonstrated by Saint-Denis et al (1999; 2001) knowledge of time and dose dependent 
relationship of the responses is needed in order to use them as bioindicators. This comprises 
the battery of cytotoxicity and oxidative stress markers. The exposure effect assessed by the 
ecotoxicological model can be extrapolated in to himian biomonitoring studies. 
Blood lymphocyte, an easily accessible human specimen; proved to be useful tools 
for studying the impact effect of environmental xenobiotic exposure and identifying 
populations at higher risk. CYPlAl play a central role in the bioactivation and inactivation 
of a wide variety of enviroiunental toxic chemicals, xenobiotic and endogenous compounds 
(loannides 1990; Anttila et al. 1992). Evidences also suggests that exposure to PAHs induces 
aryl hydrocarbon hydroxylase (AHH), which quantifies phenol metabolites of 
benzo(a)pyrene or other PAHs, often used as an index of carcinogen activating capacity 
(Omura et al 1993). PAHs inducible AhR regulated CYPlAl and AHH enzymes are of 
particular interest since they oxidize PAHs to reactive intermediates capable of forming DNA 
adducts, inducing mutations and initiating maUgnant transformations (Kress and Greenlee 
1997). the induction of CYPlAl and AHH activity in blood lymphocytes of biomass exposed 
populations could be attributed to the exposure to smoke, which is formed after incomplete 
combustion of biomass fuels, which is rich in several noxious gases, PAHs and particulate 
matter known to be toxic (Raiyani et al 1993; Smith, 2000; WHO, 1991; Balakrishnan et al. 
2002). Yoshikawa et al (1994) also demonstrated that smokers had increased level of AHH 
activity and it can be viewed as well known marker for lung cancer. The inducibility of AHH 
is a good indicator of the induction of CYPlAl. Thus, the induction of CYPlAl and AHH 
activities have been selected as global biomarkers for numerous xenobiotic exposures 
particularly PAHs, which has been also used in the present study. 
Review of Literature 27 
Assays measuring sister-chromatid exchange (SCE), chromosomal aberrations (CAs), 
and micronuclei in peripheral blood lymphocytes are well established cytogenetic techniques 
that have been used extensively in human biomonitoring for assessing DNA damage at the 
chromosomal level (Hagmar et al., 1994; Fenech, 1993; Carrano and Natarajan, 1988; Lando 
et al., 1998). The cytokinesis-block micronucleus assay (CBMN) has been demonstrated to 
be a reliable method for assessing in vivo and/or in vitro, radiation-induced chromosome 
damage in peripheral blood lymphocytes (Fenech 1993, 2000; Muller, 1996). In previous 
studies, MN induction and CAs have been extensively used as biomarkers of genotoxicity 
(Fenech, 1993; Michalska et al., 1999) and for quantifying adverse human health effects, 
particularly cancer (Tucker and Preston, 1996; Hagmar et al., 1994). Therefore, our present 
study focuses both cytogenetic and biochemical markers evaluating the rate of DNA damage 
and cancer risk susceptibility of particulate exposed Indian population. 
The amendment at cellular and molecular level found in individuals can possibly 
viewed as biomarkers of various particulate exposed subjects. The present study address 
the monitoring of epidemiological and inflammatory events involved in particulate exposed 
population. Such information is extremely important in understanding the actual factors 
involved in exposure-response risk assessment. So the outlook and special emphasize of the 
present work is to develop suitable cellular, biochemical and cytogenetic markers, and its 
usefulness in field level in early alarming the diseases and inflammatory events involved in 
particulate exposures. 
Materials & Methods 
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Chemicals 
Glutathione (GSH), Glutathione reductase (GR), Bovine serum albumin. Sodium 
pyruvate, 2-thiobarbituric acid (TBA), Neutral red, cytochalasin B, Colchicine, Histopaque-
1077, DMSO, Benzo (a) pyrene and Guaiacol glycerol ether were purchased from Sigma 
Chemical Company, St. Louis, MO, USA. RPMI-1640, Fetal calf Serum (FCS), 
Phytohemagglutinin (PHA), Penicillin, Streptomycin and Glutamine were the product of 
GIBCO BRL, USA. NADPH, NADP, NADH, NAD, Folin-Ciocalteu's Phenol reagent and 
trichloroacetic acid (TCA) were obtained from Sisco Research Laboratory, Mumbai, India. 
All other chemicals and reagents were of analytical grade until otherwise stated. 
Instruments 
Millipore membrane filters and vacuum filtration pimip were obtained fi"om Millipore 
Corporation, Bed ford, MA 01730, USA. GBC UV-Visible Spectrometer (Cintra 40, Niulab, 
Mumbai), Spectrofluorimeter (Shimadzu, RF-5000, Japan), RC-5B Sorval High Speed 
Centrifuge (Du Pont, USA), High power Polarized Microscope (Leica, Germany), Turrax T-
2 Homogenizer (Germany), Microcentifugc (Kendro, Germany) and Spirometer (Micro 
Medical Ltd, U.K.) were the nuijor instruments in this study. 
Asbestos Hbres 
Indian chrysotile asbestos was obtained from a local asbestos factory mined at 
Cuddapah (Andhra Pradesh Mining, Hyderabad, India). Particle size below 50^m and SO i^m 
were prepared according to Zaidi (1969), and used for the exposure of earthworm (chapter-1) 
and rat (chapter-5) studies, respectively. Detailed methodologies were discussed in the 
following sections under concerned title. 
Benzo (a) pyrene (B(a)P) treatment 
Chrysotile asbestos was administered following an overnight pre-treatment with 
B(a)P. Eppendorf tubes containing asbestos samples (10 mg/tube) and 1 ml of distilled water 
or aqueous BaP (2.5 ^g/ml) solution were shaken overnight at ambient temperature at 300 
rev./min. Then the fibres were separated by centrifugation (6000 rpm for 10 min) and rinsed 
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with distilled water three times before instillation to the experimental animals (Cs Varga et al 
. 1996). 
Chrysotile residue estimation in various ecological samples around an asbestos-
cement factory 
Asbestos analysis in different ecological samples were carried out as described below 
by following the methodology of APHA et al. (1998), EPA (1993) and IS (1986). 
Soil and earthworm (P.posthuma) samples were collected at distinct sites of 0, 1,2 
and 5 Km around an asbestos-cement factory, which is located at Mohanlalganj about 25 km 
from Lucknow, U.P. (India) (Fig-1.1). Additional earthworm of same species {P.posthuma) 
were collected in the same field for the cytotoxic and oxidative stress assays, with similar 
nxmiber of control worms of the same species collected from control sites (~15 km away 
from the factory). Soil samples were dried at 65°C for 3 days for further processmg. A part of 
earthworms collected from the same soil of the deeper horizon were placed in separate 
petridishes on moist filter paper for 3 days to void their gut contents for the presence of 
chrysotile residues analysis. Soil and earthworm samples were segregated and ashed 
separately according to the site of collection at 500°C for 2 hrs in muffle microwave and the 
ashes were mixed with HNO3 and fiirther diluted with deionized water to avoid any damage 
to the Millipore filter during filtration process. 
Pond water and its sediments were collected separately from different comer of a 
pond, the only aquatic ecosystem exhibited near by the factory. South and west comer of the 
pond is located vicinity to the factory walls and the total area of the pond is around 1 ha area. 
These pond sediments were dried and then treated as processed by soil samples described 
above. 
Snail and Frog were also collected from the same aquatic ecosystem and were 
dissected out and preweighed organs were homogenized separately with known volume of 4 
% sodium hypochlorite solution (NaClO) until clear digestion was made. 
The pond water samples and above processed solutions of soil, earthworm, pond 
sediment, snail and frog samples were filtered through a Millipore membrane filter paper 
with pore diameter 0.8 ^m (Cat no. AABP 04700, Millipore corporation. Bed ford, MA 
01730, USA) which retains asbestos fibre present in the samples and is subsequently 
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transformed on a slide and made transparent by the addition of 200-300 ^1 of standard 
immersion oil (Olympus, Japan). The transparent slides were air dried and used for asbestos 
analysis by phase contrast polarized microscopic (PCM) method (IS 1986) (Leica, Germany). 
Length of asbestos fibres were measured in the range of < 10 ^un, 11-20 ^un, 21-30 fun, 31-
50 ^m and > 50 jim and relative count of fibres were also estimated in the original materials. 
Toxicological study with earthworm (P.posthuma) as model animal species: 
Laboratory exposure studies-by artificial soil test 
The artificial soil test method is now recommended by many international bodies 
(OECD 1984; EEC 1984; ISO 1993; 1998) because it simulates the natural environment of 
earthworms more closely (Amaud et al 2000). In the present study, earthworms 
(P.posthuma) collected from control sites of close locations were exposed to asbestos 
(Chrysotile) using the artificial soil method described by the OECD (1984). The artificial soil 
was prepared using 70 % industrial sand, 20 % Kaolin clay and 10 % sphagnum peat mass 
and the pH was adjusted to 6.0 + 0.5 by the addition of CaCOs. Simultaneously asbestos 
filM^s <50 urn in length were prepared using mess and were mixed thoroughly in the 
concentration of 50 fibres/g and 500 fibres/g soil to mimic the field's approximate lower and 
higher concentration, respectively. In each pot minimum 20 worms were exposed and kept at 
room temperature. Water was added as necessary to maintain moist condition. Worms used 
in the experiments were adults with a well-developed clitellum. Twenty-four hours prior to 
use the worms were removed fit)m the cultures, rinsed in water and kept on damp filter paper 
kept in the dark at 20 + 1 °C to allow voiding of gut contents. Part of the earthworm samples 
was subjected to asbestos analysis by phase contrast polarized microscope (PCM) method, as 
described earlier. 
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Oxidative stress mediated cytotoxicity: Earthworm homogenization and subcellular 
fractionation 
Earthworm (P.posthuma) samples collected from close vicinity of asbestos-cement 
factory as mentioned earlier (field exposure) and artificial soil test (laboratory exposed) were 
evaluated for oxidative stress mediated cytotoxicity by chrysotile fibers. 
Earthworm homogenization and subcellular fractionation were done as described by 
Saint-Denis et al (1998). The earthworms were gently homogenized in Tris buffer (0.1 M, 
pH 7.5) in a 1/4 w/v ratio for using an Ultra-Turrax homogenizer at 12000 rpm. The 
homogenate was centrifiiged at 500 g for 15 min in a sigma 3 mk centrifiige. The resulting 
supernatant was centrifuged in the same apparatus at 12000 g for 30 min in order to prepare 
post mitochondrial fraction. The mitochondrial fraction was washed by resuspension in 
homogenization buffer and was recentrifiiged at 12000 g for 30 min. These 
postmitochondrial (S9) fractions were used for biochemical assays. 
Estimation of lipid peroxidation 
Lipid peroxidation was studied according to the method of Hunter et al (1963) by 
estimating 2-thiobarbituric acid reactive substances (TBARS) i.e. malondialdehyde (MDA). 
The reaction mixture in 2.0 ml contained 1 ml microsomal suspension and 1 ml of phosphate 
buffer (0.1 M; pH 7.4) containing EDTA (0.1 mM). For the enzymatic (NADPH-dependent) 
and non-enzymatic (Fe^^-dependent) lipid peroxidation studies, the final concentration of the 
NADPH and iron (ferrous sulphate) were 0.4 mM and 2.5 mM respectively in the incubating 
media. The reaction mixtures were incubated aerobically at 37°C for one hour with constant 
shaking in a metallic shaker. The reaction was terminated by the addition of 0.3 ml of 5 N 
HCl and 0.7 ml of 40% trichloroacitic acid (TCA). The samples were transferred into the 
centrifuge tubes. To this mixture 0.7 ml of 2% neutralized thiobarbituric acid (TBA) solution 
was added and the samples were heated in boiling water for 20 minutes. After boiling, the 
samples were placed on crushed ice for 5 min and then centrifiiged at lO.OOOxg for 5 minutes 
in refiigerated super speed centrifiige. The amount of malondialdehyde formed in each of the 
samples was determined by measuring the optical density of the supematants at 532 nm with 
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spectrophotometer. The results were expressed as the ninol MDA formed/hr/mg protein by 
using molar extinction coefficient of 1.5x10^ M"'cm''. 
Estimation of Hydrogen peroxide (H2O2) 
The NADPH-dependent formation of hydrogen peroxide was measured by the 
method of Thurman et al (1972). Incubation mixture contaming 1 mg/ml protein, incubated 
in Tris-HCl buffer (50 mM; pH 7.4); containing KCl (150 mM), MgCb (10 mM), sodium 
azide (0.2 mM), in a total volume of 2 ml. Reaction was initiated by the addition of NADPH 
(0.4 mM) and was terminated after 15 minutes by the addition of 2 ml 6% TCA (w/v). After 
removal of precipitated protein by centrifiigation, 0.2 ml of ferrous ammoniimi sulfate (10 
mM), and subsequently 0.1 ml of potassium thiocynate (2.5 M) was added to a 1.0 ml aliquot 
of the supernatant. The absorption of the red ferrithiocyanate formed in the presence of 
peroxides was measured at 480 nm and was compared to H2O2 standards. 
Estimation of Glutatliione (GSH) 
It was estimated by the method of Sedlack and Lindsay (1968). To 1 mg/ml protein 
(enzyme source), 1.8 ml of EDTA solution (Ig/litre) and 3 ml of precipitating reagent (1.67 g 
meta-phosphoric acid, 0.2 g EDTA and 30 g NaCl in 100 ml distilled water) were added. 
After mixing, the samples were allowed to stand for 5 minutes before being filtered. 2 ml 
filtrate were added to 4 ml di-sodium hydrogen phosphate buffer (0.1 M, pH 8.0) and 1 ml 5, 
5 di-thio-bis [2-nitro benzoic acid) (DTNB) reagent [40 mg DTNB in 100 ml sodium citrate 
(10 g/litre)]. A blank was prepared from 1.2 ml precipitatmg reagent, 0.8 ml EDTA solution, 
4 ml disodiimi hydrogen phosphate and 1 ml DTNB reagent. The color was immediately read 
at 412 nm in a spectrophotometer. The results were expressed as nmol GSH/mg protein. 
Estimation of Glutatliione Peroxidase (GPx) 
GPx activity (E.C 1.11.1.9) was assayed according to the method of Gunzler and 
Flohe (1985). The assay mixture consisted of 0.1 M Tris buffer pH 7.0, 3 mM Sodium azide 
(NaNa), 3 units OR, 1.5 mM GSH, 0.5 mM NADPH and 25 mM H2O2 in a final volume of 
2.0 ml. Oxidation of NADPH was recorded at 340 nm at 15 second intervals for 2 min and 
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the en2yme activity was expressed as nmole NADPH oxidized/min/mg protein by using 
molar extinction coefficient of 6.22x10^ M'cm"'. 
Estimation of Catalase (CAT) 
Catalase (EC 1.11.1.6) activity was assayed by the method of Claiborne (1985). The 
assay mixture consisted of 67 mM Tris buffer pH 7.4, 12 mM H2O2 and 0.03 mg protein 
sample in 1 ml in a final volxmie of 2 ml. Change in absorbance was recorded at 240 nm at 15 
sec. intervals for 2 minutes. Catalase activity was calculated in terms of nmole H2O2 
consumed/min/mg protein by using a molar extinction coefficient of 40 M'cm"'. 
Estimation of Glutathione Reductase (GR) 
Glutathione reductase (EC 1.6.4.2) activity was monitored by the method of 
Gallagher and DiGiulio (1992). The assay system consisted of 100 mM Tris buffer pH 7.5, 2 
mM GSSG, 0.4 mM NADPH, 0.8 mg sample protein and 1 ml incubate. The enzyme activity 
was quantificated by measuring the oxidation of NADPH at 340 nm at 30 second intervals 
for 3 minutes. GR activity was calculated by using the molar extinction co-efficient of 6.22 x 
10" M- cm and expressed as nmol NADPH oxidized /min/mg protein. 
Estimation of Glutathione S-transferase (GST) 
Glutathione S-transferase activity was monitored by the spectrophotometric 
procedure of Habig et al (1974), using l-Chloro-2,4-dinitrobenzene (CDNB) as a substrate. 
The reaction system in a cuvette contained phosphate buffer (0.2 M, pH 6.5), ImM reduced 
glutathione (GSH), 1 mM CDNB and suitable aliquots of approximately diluted enzymes 
(cytosolic fraction) in a fmal volume of 3 ml. The increase in the absorbance at 340 run was 
recorded at room temperature against a suitable blank containing all the reactants except the 
enzyme. The enzyme activity was expressed as nmol CDNB conjugated/min/mg protein by 
using a molar extinction coefficient of 9.6xl0^M''cm'. 
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Earthworm homogenization for the estimation of Cytochrome P-450 (CYP 450) 
The preparation of microsomes follows the method developed for armyworms by 
Crankshaw et al (1979) with slight modification. The preparation was carried out at 0-4 ° C 
using ice-cold media. Adult earthworms were allowed to void their gut contents for 48 hrs in 
a petrtidish of distilled water. The midgut was excised and collected in sucrose buffer 
containing 250mM Sucrose, 20 mM HEPES, 0.2 mM DTT, 5 mM MgS04, 0.2 mM PMSF 
pH 7.5 and gently homogenized (1:4 w/v) with a potter-Elvehjen homogenizer and a Teflon 
pestle in the same medium. The homogenate was centrifiiged at 9000 g for 15 min in a 
Beckman model J2-21 centrifuge and the supematant fraction was decanted through muslin 
cloth. The supematant fraction was centrifiiged in a Beckman preparative ultracentrifuge at 
100000 g for 60 min. The supematant fraction was removed and the remaining dense red 
pellet and the overlying fluffy red layer was resuspended in 3 volxune of fresh medium and 
recentrifuged as before for 30 minutes. Again, the supematant fraction was removed and all 
of the pelleted material along with the buffy coat was resuspended to a (1:1 w/v) dilution of 
original gut wet weight to 50 mM Tris -HCl, 30% glycerol pH 7.5. 
Estimation of Cytochrome P-450 (CYP 450) 
Cytochrome P-450 was determined by the method of Orrenium etal (1973) using 
scanning spectrophotometer. Microsomes were thawed on ice and diluted to 1 mg protein /ml 
with Tris-glycerol buffer. NADH (0.1 i^M) was added to a 2 ml aliquot of the diluted 
microsomes and CO was bubbled through the solution for 30 Sec. This served to block the 
interference of cytochrome bs and hemoglobin in the microsomes. This solution was split 
between sample and reference cuvettes and several crystals of Na2 O4 S2 were added to 
reduce cytochrome P-450. A molar extinction co-efficient of 91 mM'' cm '' was used for 
quantitating P-450 levels as described by Omura and Sato (1964). 
Estimation of Lactate dehydrogenase (LDH) 
The activity of lactate dehydrogenase (LDH) was assayed by the method of Wotton 
(1964). Briefly, the reaction mixture contained phosphate buffer (O.IM; pH: 7.4) NADH 
(0.002 M) and the 0.1 ml enzyme source. The reaction was started by adding sodium 
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pyruvate (0.01 M) in a final volume of 3 ml and decrease in optical density was recorded at 
340 nm at 30 second intervals for 3 minutes. The enzyme activity was calculated by using a 
molar extinction coefficient 6.22x10' NT'cm' and was expressed by nmoles NADH oxidized 
/min/mg protein. 
Estimation of Acid phosphatase (AP) 
Acid phosphatase activity was assayed according to the procedure of Moss (1984). 
The assay system consisted of 1 ml citrate buffer substrate (0.045 M citrate buffer, pH 4.9) 
solution and 0.2 ml of enzyme source, mixed and incubated at 37 'C in water bath. After that 
4.0 ml of 0.1 N NaOH was added to each tube to terminate the reaction. The resultant 
yellowish green colour was read at 405 nm against appropriate reagent blank. 
Neutral red retention assay 
Coelomocytes Collection 
The coelomic fluid with coelomocytes was obtained from gastrointestinal/ coelomic 
cavity of earthworms by extrusion method (Eyambe et al 1991). Briefly, animals were 
rinsed in saline, 0.85 mg/ml NaCl at 10 "C and transferred to the saline extrusion medixmi 
containing 5 % ethanol, 2.5 mg/ml EDTA, 10 mg/ml of the mucolytic agent guaiacol 
glycerol ether (Sigma chem co, St.Louis, MO, USA) and adjusted to pH 7.3 with 1 N NaOH. 
Extruded cells were transferred to ice-cold, Ca^-fi-ee lumbricus basal salt solution (LBSS) 
containing 71.5 mM NaCl, 4.8 mM KQ, 3.8 mM C^CXj, 1.1 mM MgS04.7 H2O2, 0.4 mM 
KH2PO4, 0.3 mM Na2HP04.7 H2O and 4.2 mM NaHCOs adjusted to pH 7.3 and osmolority 
to 300 mos M. Cell morphology was examined microscopically; cell viability was 
determined by the trypan blue exclusion method (Kirk et al 1975). Samples of 100 i^l LBSS 
containing resuspended coelomocytes were mixed with 100 nl 0.04 % Trypan Blue dye 
(T8154; Sigma) and placed on a hemacytometer. Viability was determined as the number of 
live cells in the first 100 counted. 
Retention of Neutral red by the Coelomocytes 
The procedure described by Weeks and Svendsen (1996) was adopted. For the stock 
solution, 20 mg of neutral red was dissolved in 1 ml of dunethyl sulfoxide (DMSO). 
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Subsequently, 10 ^1 of stock solution was diluted with 2.5 ml of earthworm Ringer giving a 
working neutral red concentration of 80 ^l/ml. To avoid crystallization of the non-polar 
neutral red in aqueous Ringer, the working solution was renewed every hour. A coelomic 
fluid sample (20 )xl) was placed onto a microscopic slide and the cells were allowed to settle 
and adhere to the slide surface for 30 second. Next 20 ^1 of neutral red working solution was 
applied and covered with coverslip. The drying of the slides were avoided by putting them in 
a desiccators having water at the bottom. These slides were thoroughly observed under 
optical microscope for retention of the dye. 
Air monitoring of Indoor Air Particulates 
Envirormiental monitoring for particulates were done in the different houses where 
the housewives are cooking food by burning biomass fuels and LPG according to U.S. 
National Institute of Occupational Safety and Health Protocol 0600 (NIOSH 1984) and EPA 
method (Winberry et al 1993), Briefly, drawing air through battery-operated mini volume 
portable air sampler supplied by M/S Airmetrics, USA, collected samples of respirable and 
total suspended particulates. All samplers were calibrated the flow volume by an electronic 
flow meter on the field before and after sampling. The Teflon filer paper (Gelman, 
TEFLOR2PJ037; Baked for 2h at 180°C before use) have used in the filter holder for 
suspended particulate matter. The concentrations of particulates were calculated as below. 
Wt. of particulate in the ambient air = W/V ^g/m^ 
W = weight of the suspended particulates 
V = Volume of air sampled 
Air monitoring of Asbestos flbres 
Area and Personal Monitoring of Asbestos Fibres 
Air samples were collected fi-om the breathing zone and ambient atmosphere of study 
subjects with the help of personal sampler (XX5700000), and ambient vacuimi sampler 
(XX5622050) respectively, attached with filter carrying apparatus (MAWP025AC, Millipore 
Corporation, USA). The flow rate of pump was adjusted to 1 liter per minute before the 
sampling. Sampling was done by drawing measured quantity of air through cellulose 
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membrane filter (0.8-1.2 jim pore size and 25mm diameter) (AAWP02500) and subsequently 
made the filter for fiirther processing. 
Filter preparation (Acetone-Triacetin mounting procedure) 
After sampling, the membrane filters were exposed to acetone fiimes for few seconds 
and the filters became transparent. The filter is covered by clean glass coverslip with the help 
of 2-3 drops of triacetin. 
Fibre Counting (Phase Contrast Microscopy) 
Counting of asbestos fibre was done randomly by the membrane filter method of BIS 
(IS: 11450-1986) with the help of polarized light attachment phase contrast microscope and 
Walton-Beckett Graticule fixed with graticule (Labourlux "S" model Germany). After low 
power scanning of entire filter area, changed the microscope objective 40X phase and only 
those fibres were counted designates the geometric dimensions as length > 5 ^m, diameter < 
3 ^m and length to diameter ratio greater than 3:1. The counting was completed as per the 
BIS method and the concentration expressed as number of fibers per cubic centimeter 
(fiber/cc). 
The fibre concentration is calculated according to the following formula: 
C = A/ax N/nx 1/rx 1/t 
Where: 
C = concentration in fibers per cubic centimeter 
N = total number of fibers coimted 
n = number of graticule areas observed 
A = effective filter area in mm^ 
a = graticule counting area in mm^ 
r = flow rate of air through filter in cm^/min and 
t = single sample duration in minutes. 
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Human study subjects: Exposure with cooking fuel smolce 
Study details and Clinical Examination 
The subjects involved in this study resided in a village nearby Lucknow City, India, 
and had similar socio-economic conditions. The study population consisted of 343 
individuals (138 males and 205 females). Among them 169 subjects were exposed to biofuels 
(68 males and 101 females), 72 subjects were exposed to kerosene (34 males and 38 females) 
and 102 LPG users (36 males and 66 females) belonging to similar socio-economic strata 
served as a control group. The overall study population was divided into five categories 
based on the type of primary fuel used for the entire period of meals preparation, namely, 
cowdung (n=61), cowdung/wood (n=56), wood (n=52), kerosene (n=72) and LPG (n=102) 
(Table-2.1). Other physical measurements, duration of exposures and habitual exposures like 
smoking etc were matched and given in table-2.1. Subjects wwe thoroughly examined by a 
medical specialist for their past and current respiratory symptoms on a modified British 
Medical Research Council (BMRC) questionnaire (BMRC 1976) and their personal and 
occupational details were also noted. Maximum attention was given to the duration of 
cooking, types of fuels used, kitchen type, ventilation and active/passive smoking. In 
addition, clinical examinations, with special emphasis on respiratory related problems like 
dyspnoea, cough, sputum production, wheezing and chest pain were also recorded. The 
physical examination included inspection, percussion and auscultation. All subjects gave 
informed consent for participation in this study. 
Human study subjects: Exposure with asbestos and co-exposure with cooldng 
fuel smolce 
The cooking fuel alone exposed subjects involved in this study were selected from 
former group mentioned and biofuel users (dung, dung/wood and wood) were pooled 
together in a single biofuel-exposed group and those cooking with kerosene were not 
included. The subjects non-occupationally exposed to asbestos and co exposure with cooking 
fuels were from residents around an asbestos-cement factory, which is located at 
Mohanlalganj about 25 km fiom Lucknow, U.P. (India) and all study subject had similar 
socio-economic conditions. The study population consisted of 80 women who were divided 
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into four categories, namely, LPG (n=20). Asbestos + LPG (n=20), Biofuels (n=20) and 
Asbestos + Biofuels (n=20). LPG users were considered as the control subjects because of 
the relatively low level of pollutants generated by this fuel. All were vegetarian and of same 
sex. Smokers, individuals with any chronic respiratory illness, and those with occupational 
exposure to toxic substances or using any medications within two weeks of sampling were 
excluded from this study. The age, non-occupational exposure history, the average time 
spent on cooking, and duration of exposure with particulates were determined through tlie 
use of questionnaire and presented in tabIe-4.2. All subjects gave informed consent for 
participation in this study. The social classification of the study population will be done as 
per Prasad (1970) social classification method. 
Radiological examination 
The study populations were examined radiologically by obtaining chest X-ray of 
posterior - anterior view of the chest A radiologist examined systematically for the presence 
of the following characteristics: 
1. Linear shadows of varying thickness 
2. Pleural thickening, plaques, bilateral or unilateral pleural calcification 
3. Pulmonary tuberculosis 
4. Honey combing 
5. Hilar prominence 
6. Prominent broncho-vascular maridng 
Chronic bronchitis was diagnosed on the strong basis of clinical history of chronic cough for 
three consecutive months for two successive years and further deep-rooted radiologically 
based on the presence of hilar prominence and prominent broncho-vascular marking. 
Pulmonary Function Test (PFT) 
For the pulmonary function test, forced spirometry was performed on all the exposed 
and control cases using a Spirometer (Micro Medical Ltd, U.K.). After recording, the slow 
vital capacity (VC), a forced vital capacity (FVC) was obtained from each case in the 
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standing position. The forced expiratory volume was performed at least three times on each 
volunteer; the best of the three attempts was selected for data analysis. Following the lung 
function testing, the standing height and weight are noted to predict the normal values of 
pulmonary fimction test using Rastogi's prediction equation (Rastogi et al. 1983), The 
following pulmonary functions were recorded in each case 
1. Slow vital capacity (VC) 
2. Forced vital capacity (FVC) 
3. Forced expiratory volume (FEVl) 
4.FEVl/FVCratio 
The severity of puhnonary impairment was graded as per Conrad et al. (1983) as follows 
i. Mild respiratory impairment - Observed values of VC and FE V1 ranging between 
61-79% of the predicted values, 
ii. Moderate respiratory unpairment - Observed spirometric values (viz., VC, FEVl) 
ranging between 40-60% of the predicted values, 
iii. Severe respiratory impairment - Observed VC and FEVl values less than 40% of 
the predicted values. 
Further ventilatory disturbances are classified as per Miller's prediction quadrant (Miller et al 
1956). 
Sputum Analysis: Acid-Fast Bacilli Assay 
Sputum was collected in clean bottles from the deep of the throat of the suspected 
cases of particulates exposed populations. The same day, sputum was dissolved in 4% NaOH 
in 1:1 ratio and kept at room temperature for 5-10 minutes, centrifiiged at 1500 rpm for 5-10 
minutes. Supernatant was discarded and the slides were made with smear and dried in the air. 
Further these slides were stained with 1% carbol fuchsin after 5-10 min decolorization made 
by 20% Acid alcohol. These slides further counter stained by 1% Methylene blue as 
suggested by Ziehl Neelsen staining (Monica, 1985). Slides were observed under microscope 
for the presence of acid-fast bacilli, these are pink colour spiral/rod like structure suggestive 
of active tuberculosis lesion. 
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Sputum Analysis: Asbestos Bodies using Papanicolaou Staining 
Principle 
Ferruginous bodies are typically asbestos fibres that have become coated with an 
iron-rich material, which is believed to be derived from proteins such as ferritin and 
hemosiderin (Pooley 1972). These are known as ferruginous bodies. Literature reveals that 
these are coated fibre (elongated, golden brown structurally 10-60 nm length and 0.5-2.5 i^m 
wide beaded or pear or round shape appearance with many segments). These fibres are 
generally formed on straight fibres and always found to occur by all the four commercial 
type of asbestos but less fi-equently on chrysotile asbestos fibres. Asbestos body have 
crystalline component which is structurally similar to the extract of ferritin (an inorganic iron 
containing core, covered by a shell of protein, this protein is iron firee and composed of 
approx 20-24 peptide chains per ferritin molecule, which forms a hollow sphere with a radius 
60-70 A°, the ferritin core may be ferricoxyhydroxides (Govema et al ., 1999). 
Fericoxyhydroxide core of ferritin is variable in shape with maximum dimensions of 
approximate 60A'' produced from animal and human organs. The size of the fibre plays no 
part in deciding which fibre becomes coated or not (Gross et al ., 1968). Procedure for 
asbestos body analysis was done according to the methodology of Williams et al., 1982. 
Significance 
Asbestos bodies are the indicators of post exposure to asbestos dust. Asbestos bodies 
are also significantly related to radiographic findings of interstitial pulmonary disease and 
pleural fibrosis and to spirometric findings of restrictive lung disease. 
Asbestos body staining and analysis 
For the analysis of asbestos bodies, sputum samples were stained with Papanicolaou 
stain (Rapid Stain Method) of Bio-lab diagnostic (Maharastra). Sputum samples were fixed 
in ether and alcohol (1:1) to prepare smears. The slides were transferred to the Scott's water 
for 2 minutes and stained with nuclear stain for 45 sec. The slides were now put in ethyl 
alcohol for 1 minute and further in cytoplasmic stain for 45 sec. The slides were put in 
Scott's water for 30 sec and then transferred to the ethyl alcohol for 60 second before 
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mounting with DPX. These slides were examined under micrdscope for the presence of 
asbestos bodies. The asbestos bodies are golden yellow, rod like structure, 1-6 i^m in 
thickness and 10-30 ^m in length beaded structure along its length and often clubbed at one 
or both ends to resemble a diunble and their colour varies from yellow to dark brown. 
Nasal lavage and cellular bioiharker 
The method for nasal lavage collection was adopted from Koren et al (1990). The 
NAL collection was performed on persons in sitting position, lifted subject's neck 
approximately 45° backward and elevated the palate to close his nasopharynx. Phosphate-
buffered saline without calcium or magnesium (5 ml, 37° C) was instilled into each nostril 
using a needles syringe. By palatal pressure the saline was held in the nasopharyngeal region 
for 10 seconds and then forcibly expelled into a 15 ml centrifuge tube via a polyamide gauze 
filtered funnel to separate mucus. The procedure was repeated several times in alternating 
nostrils until a sufficient san^le was obtamed, arid the effluents were pooled. The fluid was 
immediately put on ice and tries to bring to the laboratory as soon as possible and 
subsequently centrifuged at 600 g for 10 min at 4°C. Cell pellets was suspended and used for 
total and differential cell counting. Thin smears of suspensions was made on clean glass 
slides and fixed with 0.5% methanol for 30 minutes and stained separately with Wright-
Giemsa stain for their differential cell counting based iqjon their morphological and 
cytological features observed under the microscope (800-lOOOx). Total cell count was 
determined by multiplying the cell count per ml by the total volume of suspension. Number 
of a given cell type was calculated by multiplying the percent of cell type by the total cell 
count. 
Cytogenetic Assays 
Blood lymphocyte cultures were examined for chromosomal damage using the MN 
and CA assays, performed as described by Fenech and Morley (1985) and Hungerford et al. 
(1968), respectively. 
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Micronucleus (MN) test 
Venous blood was drawn from each subject into a heparinized tube. For each sample, 
duplicate cultures were initiated by adding 0.5 mL of whole blood to 5.0 mL of RPMI-1640 
medium supplemented with 20% fetal calf serum, 2% phytohemagglutinin, 100 lU/mL 
penicillin, 100 jig/mL streptomycin and 2mM L-glutamine. After incubation at "iTC for 44 
h, cytochalasin B (Sigma, St. Louis, MO) was added to the cultures at a final concentration of 
6 ^g/mL, and the cultures were incubated for an additional 28 h to collect binucleated cells. 
The cells were then treated with a hypotonic solution of 0.075 M KCl for 5 min at room 
temperature and fixed twice in methanol/acetic acid (3:1). The fixed cells were dropped onto 
coded dry slides and stained with 5% Giemsa. About 1000 binucleated cells from each 
subject were analyzed imder blind code for the presence of micronuclei (Fig. 3.3; 4.3) 
following the scoring and analyzing criteria reported in Fenech et al . (2003). Briefly, 
micronuclei had the following characteristics: roxmd or oval, smaller than 1/3 of the size of 
the main nucleus, same color as the main nucleus but can be lighter in intensity, must not 
touch the main nucleus. The results are expressed as the mean number of micronucleated 
cells per 1000 binucleated cells + the standard deviation. 
Chromosomal aberration (CA) test 
For CA analysis, the blood was cultured for 48 h at 37°C in the same medium as used 
for the MN assay. One hour prior to harvesting (i.e., at the 47* h), colchicine (Sigma; final 
concentration, 10 Hg/mL) was added to block the dividing cells at metaphase. The cells were 
collected by centrifiigation, resuspended in a prewarmed hypotonic solution (0.075 M KCl) 
for 20 min and fixed in methanol/acetic acid (3:1, v/v). Slides were prepared by an air-dried 
method and stained with 5% Giemsa. A total of 100 well-spread metaphases were scored 
under blind code from each subject for CAs (Fig. 3.4; 4.8), which include 
chromosome/chromatid breaks, interstitial deletions (mmutes), gaps and chromatid deletions. 
Briefly, chromatid gaps were defmed as achromatic lesions less than the width of the 
chromatid, whereas chromatid deletions were scored if the separation was greater than the 
width of the chromatid. Chromatid breaks were scored as discontinuous if more than the 
width of a chromatid or discontinuous if equal to the width of a chromatid with displacement 
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from the chromatid axis and without visible connecting material. Chromosome breaks were 
terminal breaks without sister union, acentric fragments in the absence of an aberration that 
could have generated fragments, and interstitial deletions. Additional scoring and coimting 
criteria were according to Carrano and Natarajan (1988). CA frequencies are expressed as the 
percent cells with aberrations + the standard deviation. 
Isolation and Culture of Human Peripheral Blood Lymphocytes (HPBL) 
Lymphocytes were isolated from the blood by the method of Boyum, (1968) with 
slight modifications. In brief, 4.0 mL of whole blood was diluted with 4.0 mL phosphate 
buffered saline (PBS) pH 7.4 and carefiilly layered over 3.0 mL of HISTOPAQUE-1077 
(Sigma Chemical Co., St Louis, MO, USA). After centrifrigation at 500x g for 20 minutes at 
room temperature, the upper layer was discarded and the opaque interface containing 
mononuclear cells was transferred into a clean centrifuge tube. After repeated washing of the 
lymphocyte with PBS and recentifrigation at 250x g, the resulting pellet was resuspended in 
0.5 mL of PBS and cell number and viability were determined in a Naubaur hemocytometer 
using with trypan blue. 
Aliquots were washed twice with cold RPMI-1640 and pellets were suspended in 
RPMI-1640 containing 20% fetal calf serum (PCS). After incubation at 37°C for Ih the non-
adherent cells were gently decanted and washed with PBS then cells were resuspended at a 
density of 1X10^  cells/ml in the RPMI-1640 containing 20%FCS and 1% each 
phytohemagglutinin (PHA) and pokeweed mitogen (PWM). Culture vials were incubated at 
37°C in a 5% CO2 atmosphere for 24h. After 24h of fiirther incubation, culture m each 
groups were pooled, and the cells were harvested and washed twice in PBS. The cells were 
assayed for biochemical estimations immediately. 
Estimation of Cytochrome P450 (CYPlAl) in HPBL 
The activity of 7-ethoxyresorufin-o-deethylase was determined using a modified 
assay described by Pohl and Fonts (1980). Briefly, 10^  cells/ 100 nL of ImM 7-
ethoxyresorufin (ER) stock solution, dissolved in DMSO, for 5 minutes in a shaking water 
bath at 3TC. The reaction was initiated by adding 10 nL of NADPH stock solution (200 mg/ 
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mL) (Sigma Chemical Co., St Louis, MO, USA) and was temiinated after 45 minutes at 
37°C by adding 2.5 mL of methanol. The mixture was centriftiged at 2000x g for 10 minutes 
and amount of resorufin in the supernatant were measured using spectrophotofluorimeter at 
excitation wavelength of 550 imi and emission wavelength of 585 nm. The results were 
quantified by using resorufin (Aldrich Chemical Company, Milwaukee, WISC, USA) as a 
standard. 
Immunoblot analysis 
Prior to immunobloting studio, lymphocytes were lysed for 5 min on ice in lysis 
buffer containing 1% triton X-100, 20 mM tris (pH 7.5), 135 mM NaCl, 1 mM EDTA, 1 mM 
EGTA, 1 mM NaVa04, 1 mM NaF, 1% NP-40, 0.1% aprotinin, and 1 mM 
phenylmethylsulfonyl fluoride (PMSF). Because, Attempts at subcellular firactionation of the 
whole homogenate by differential centrifiigation resulted in extensive loses of CYP proteins. 
Therefore, whole homogenates were used for Western blot analysis. The cell lysates were 
cleared by centrifiigation at 14,000 rpm in a microcentrifiige for 20 min at 4°C. Samples 
were separated by 12% SDS-PAGE and electrotransferred to nitrocellulose according to the 
method of Towbin et al (1979). The blot was incubated with anti-CYPlAl/lA2 polyclonal 
antibody, followed by the horseradish peroxidase-coupled anti-human IgG antibody, and 
visualized by the ECL system (Amersham). Although the polyclonal antiserum used in this 
study recognizes, both human CYPlAl and CYP1A2 on immunoblots, we were not 
concerned due to the assumption (as well as our own unpublished observations) that 
CYP1A2 is not expressed in extra hepatic tissues (Spatzenegger et al 2000). 
Estimation of Aryl Hydrocarbon Hydroxylase (AHH) in HPBL 
AHH was determined by a modification of the method of Nebert and Gelboin (1968). 
The cells were centrifuged and resuspended in cold 50mM Tris-HCl, pH 7.5 with 3 mM 
MgCl2 (Tris-Mg) so as to contain million cells per milliliter. Two ml of portion of the cells 
were homogenized in the cold by 20 strokes of a glass tissue grinder and placed into 
duplicate tubes, each containing 1 ml of homogenate. Blank tubes contained Tris-Mg without 
cells, to each tubes was added Img of NADPH in a volume of 0.1ml Tris-Mg, followed by 
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25ng of 3-hydoxy B(a)P in a volume of 5^1 of acetone. The tubes were mixed and incubated 
at 37°C in the dark for SOmin. The reaction was stopped by addition of 4ml of 25% acetone 
in hexane. The tubes were mixed for Imin on vertex mixer and centrifuged 5min at 500g. 
The upper phase of each tube was transferred to another tube containing 0.5ml of IN NaOH. 
The tubes were mixed for Inun, and then centrifuged for 5min at lOOOg to separate the 
phases. The fluorescence of the lower (aqueous) phase was measured in spectrofluorimeter 
with excitation of 396nm and emission at 522nm. 
SDS-Poly Acrylamide Gel Electrophoresis (SDS-PAGE) 
Alteration of Clara cell secretory protein (CC16) level in serum was evaluated by 
SDS-Polyacrylamide gel electrophoresis. SDS-PAGE was performed on 6-20% (w/v) poly-
acrylamide gradient gels by the method of Laemmli (1970). Briefly, the samples were 
dissolved in SDS sample buffer with P-mercaptoethanol and heated for 3 min at 100°C. A 
discontinuous buffer system was used, 0.05 M-Tris/0.05M-glycine, pH 8.9, at the cathode, 
and 0.1 M Tris/0.05M-HCl, pH 8.1 at the anode. Gels were stained overnight with 0.125% 
Coomassie Brilliant Blue R-250 in methanol/acetic acid/water (5:1:4, by vol.). Molecular 
weight was calculated from plots of the log of molecular weight versus the relative mobility 
of standard proteins. 
Asbestos and B(a)P exposure to the experimental animals: therapeutic potential 
of Garlic 
Garlic preparation 
Garlic extract 10% (w/v) of garlic bulbs {Allium sativum single clove variety) was 
prepared from freshly sliced cloves, ground into paste and dissolved in deionized water. The 
dose (intragastric, i.g.) given to experimental rat was 1% body weight (v/w), 6 days per week 
throughout the experimental period. 
Treatment of animals 
Female Wistar-rats (15(>+;10g), were obtained from Industrial Toxicology Research 
Centre, Animal breeding colony, Lucknow, India, and were divided into six groups. Group I 
received a single intratracheal (i.t.) inoculation of 5 mg chrysotile (in 0.5ml saline), Group II 
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received B(a)P co-exposed chrysotile as single inoculation, Group III received B(a)P co-
exposed chrysotile single i.t inoculation as well as garlic (1% body weight (v/w), 6 days per 
week) through intragastric (i.g.)- Group IV received a single i.t. inoculation of 5 mg 
chrysotile and garlic i.g. Whereas Group V received garlic alone. Group VI received B(a)P 
alone and Group VII treated with saline was served as control. The animals were maintained 
under standard animal husbandry procedures and provided pellet diet (Amrut feeds, Pime, 
India) and water ad libitum. Twenty-four hours post treatment of garlic, animals from each 
group were sacrificed on 1*', IS*, 30''', 90"" and 180* day post exposure to chrysotile by 
decapitation and then* Ixmgs were collected for sub cellular fractionation. 
Isolation of Lung Microsomal Fractions 
• The rat lung sub-cellular firactionation was carried out by the procedure of Johannesen 
et al (1977) with certain modifications. A stepwise procedure is given below. 
• The limg firee trachea, bronchi etc. were cut into small pieces and thoroughly rinsed 
with isotonic sucrose (0.25 M). 
• Small pieces were suspended in 0.25 M sucrose, containing 1% (w/v) bovine serum 
albumin (BSA) and were homogenized by using Potter-Elvehjem type homogenizer 
with a motor driven Teflon pestle, by four up and down strokes at 450 rpm, to get 
20% (w/v) homogenate. 
• The homogenate was filtered through double layer of muslin (maximum mesh 
size 150X100 nm) and centrifiiged at 10,000Xg for 20 minutes in a sorvall EC-5B 
refiigerated super speed centrifiige to obtain mitochondrial pellet. 
• The supematants (original and washing) were pooled and centrifiiged at 105,000Xg 
for 60 minutes. 
• The pellets thus collected was washed once with 0.15 M Tris HCl buffer, pH 8.0 and 
recentrifiiged as above. 
• The final pellets obtained after washing with buffer was suspended in isotonic (0.15 
M KCl) 0.05 M Tris HCl buffer (pH 7.4) containing 2% glycerol and 0.1 mM EDTA, 
using a glass homogenizer and marked as microsomal pellet. 
• The supernatant was designated as cytosolic fraction. 
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Estimation of Aryl Hydrocarbon Hydroxylase (AHH) in Lung Homogenate 
Aryl hydrocarbon hydroxylase was assayed by the spectrofluorimetric technique as 
described by Dehnen et al (1973). The reaction mixture in 2.0 ml consisted 1 fimol NADP^ 
10 ^mol glucose 6-phosphate, 25 ^mol of magnesium chloride and 50 ^mol nicotinamide in 
phosphate buffer (0.2 M, pH 7.4) and eniyme (0.5 ml of microsome suspended in buffer at 
final concentration equivalent to 200 mg tissue/ml). After preincubation for two minutes, 80 
nmol of bezo(a)pyrene dissolved in 20 fil of acetone was added and the tubes were incubated 
at 37°C for 30 minutes in a metallic incubator cum shaker. All the steps were carried out 
under subdued light. Reaction was terminated by the addition of 1.0 ml cocktail solution (a 
mixture of 10% (v/v triton X-100 in 1 N NaOH with 1% (w/v) EDTA). The controls were 
also nm in the same fashion except that the substrate was added after the addition of triton X-
100 solution mixture. The fluorescence was measured at excitation X max of 465 nm and 
emission X max of 520 nm in Shimadzu RF-5000 spectrofluorometer. 
Estimation of Protein 
Protein was estimated by the method of Lowry et al (1951). Finally suitable amoimt 
of dissolved protein was diluted to 1 ml with distilled water and 5 ml of alkaline copper 
reagent was added. After 10 minutes, 0.5ml of Folin's Ciocalteus reagent was added. 
Absorbance was read at 750 nm after 30minutes. Bovine serum albumin (BSA) was used as 
standard. 
To prepare alkaline copper reagent, solution (A) and (B) were mixed in 1:1 ratio just 
prior to use of reagent. Solution (A) containing 8 gm sodium carbonate unhydrous dissolved 
in 100 ml of distilled water, and (B) containing 120 gm sodium tartarate and 60 mg of 
CUSO4.5H2O dissolved in 100 ml distilled water. 
Histopathology of Rat Lung Samples 
For histopathological studies rats were transcardially perfused after one and seven 
month of post-exposure. Perfusion was carried out in deeply anesthetized rats with 10% 
normal saline followed by 10% buffered formalin. Lungs were removed and cut into 5 mm 
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cubes and post fixed in 10% formalin for several months before proceeding for tissue 
prepairation for microtomy. 
Tissues were dehydrated in ascending grades of alcohol, cleaned in xylene and 
embedded in paraffin wax. S|im thin sections were cut on a microtome and taken on albumin 
coated slides. Sections were stained with haematoxylin and eosin and observed under the 
low and high power of microscope (Leica, Germany). 
Statistical Analysis 
Significance of prevalence of various symptoms, radiological findings and 
pulmonary function abnormalities in exposed groups in comparison with control group (LPG 
users) were tested vising the Chi-Square test. Crude odds ratio with 95% confidence in total 
exposed subjects in comparison to controls were also calculated and its significance was also 
tested using the Mental Henszel's test. The level of significance was considered to be *p< 
0.05, * V 0 0 1 and " V 0 . 0 0 1 . 
The mean MN fi^equency and percent cells with aberrations for each subject was used 
as the statistical unit. One way analysis of variance was carried out to find out significant 
differences for the mean MN and aberration firequencies of subjects in different categories of 
exposure separately after ascertaining the homogeneity of variance in the groups. 
Comparisons between the mean MN and aberration frequencies between the LPG group and 
the other fiiel groups were performed by Dunnett's test [Zar, 1984] (Fig. 3.1; Fig. 3.2 and 
Table 3.1). For analyzing the significance of mean differences in MN and CA induction 
between biofuel-exposed and LPG users in different age groups (<30 years of age, >30 years 
of age), and with different years of exposure (<5 years, 6-10 years, >10 years), a three-way 
analysis of variance was conducted with age, duration of exposure, and type of fiiel used as 
independent variables and MN or CA induction as the dependent variable (Table 3.2 and 
Table 3.3). Prior to this analysis, the homogeneity of variance between the groups was 
established. Calculation of the least significant differences was carried out by post-hoc 
analysis. 
Two-way analysis of variance was carried out to find out significant differences for 
the mean MN cells and percent cells aberration frequencies of subjects in different categories 
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of exposure separately after ascertaining the homogeneity of variance in the groups. 
Comparison of mean MN, and mean percent aberrated cells in LPG with other groups and 
Asbestos + LPG with Asbestos + Biofuels were done by Dunnett's test (Zar, 1984) (Fig. 4.2 
and Fig 4.4). For analyzing the significance of mean differences in MN and CA induction 
between LPG with other groups and Asbestos + LPG with Asbestos + Biofuels users in 
different age groups (<30 years of age, >30 years of age), and with different years of 
exposure (<5 years, 6-10 years, >10 years), a three-way analysis of variance was conducted 
with age, duration of exposure and type of particulates exposed as independent variables and 
MN or CA induction as the dependent variable (Fig. 4.5 and Fig 4.6). Prior to this analysis, 
the homogeneity of variance between the groups was established. Calculation of the least 
significant differences was carried out by post-hoc analysis. 
Significance of values for CYPlAl and AHH were evaluated by die analysis of 
variance (ANOVA) test; •*p< 0.01; *p<0.05 was considered significant. 
For other parameters student's / test (two tailed) was adopted for statistical 
analysis, imtil otherwise stated. Data were considered statistically significant at *p<0.05; 
**p<0.025; •**p<0.001. 
Chapter 1 
Environmental Monitoring & 
Ecological Impact Assessment 
of Asbestos 
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INTRODUCTION 
Asbestos a natural hydrated mineral silicate well known for its deadly effects of lung 
fibrosis, malignant mesothelioma and bronchogenic carcinoma (Mossman et al. 1990). 
Compared to the situation a few decades ago, exposure to asbestos fibre is now restricted in 
developed and indiistrialized countries, while it is mounting in the developing countries 
(Ramanathan and Subramanian 2001). However, the delay between exposure and the 
manifestation of disease is about 20-40 years and that is why the incidence of these diseases 
is still escalating. However, air pollution levels of asbestos were reported to be elevated in 
the areas surrounded by asbestos industries (WHO 1998). In addition, peoples living in the 
vicinity of asbestos mines and asbestos-related industries may be exposed to higher levels of 
asbestos fibres (Case and Sebastien 1987). This situation is mainly a result of difficulties in 
reducing the emission of fine particles of asbestos during factory operation. 
An eventual goal of the science of ecotoxicology is to serve in predicting or assessing 
the risk of ecological effects occurring due to environmental pollutants. The first step in risk 
assessment is hazard identification and dose response assessment. This step is followed by an 
exposure assessment, which tries to estimate the dose to which organisms with in an 
ecosystem are exposed (Vos et al. 2000). However, monitoring and analysis of biotic and 
abiotic samples in the ecosystem can address many questions about source, distribution, 
partitioning and transport of contaminants. Although asbestos and its adverse effects are well 
established in animal and human stiidies but its ecological impact has largely been ignored 
(NIPHEP 1989). Globally, the information regarding asbestos burden in the ecosystem and 
its bioacciunulation is so meager, merely few reports are indicating the adverse impact of 
asbestos on aquatic ecosystem (Lauth and Schurr. 1983; 1984). However increasing evidence 
suggests that the use of single organism will never provide a full picture of quality of the 
environment. Only a test battery poised of different species and their living materials at 
different trophic level would enable to provide suitable discriminatory data of the 
environmental pollutants. 
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Earthworms are very inqwrtant organisms for both soil formation and the breakdown 
of organic matter in most terrestrial systems. They are important in the ecology of the soil 
and key species responsible for moving large amounts of soil from deeper horizons to the 
surface layers (Edwards and Bohlen, 1992). Earthworms by virtue of their well-known 
iiinctional and other characteristics are suitable organisms to be used for the ecotoxicological 
assessment of pollution persisting in soil (Edwards 1992, EEC 1985, Kokta 1992, OECD 
1993, van Gestel et al 1995). So this method uses the principles of biomonitoring, using 
some model animal species and their living materials collected around an asbestos-cement 
factory. So that the information obtained on levels of asbestos in the environment can be used 
in combination with the known body burden and consequent toxicity to assess the potential 
risk of adverse health effects in population living in these areas. 
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RESULTS 
(I) Asbestos burden in various ecological samples around an asbestos-cement 
factory 
Soil contamination by asbestos showed in Table-1.1, found that the samples collected 
from the close vicinity of the factory were revealed higher number of fibres and get diluted 
with increasing distance. Further lengtiiwise pattern of fibre content was quite varying with 
distance moving away from the factory, as small fibres (<10 ^ m) were higher in the case of 2 
and 5 Km sampling site as compared to 0-1 Km site. This further consequences to study the 
fibre burden in soil biota like earthworm and results presented in Table-1.2. The lowest value 
was 43 fibres/ g dw where as the highest was 366 fibres/ g dw. The mean ranges of fibre 
burden among these batches also were found and it was registered 192 fibres/ g of organisms. 
These fibres were also measured further in the range of < 10 ^m, 11-20 ^m, 21-30 ^ m, 31-50 
^m and > 50 ]ixa.. Asbestos fibres showed different percent constitution of total fibres. 
Although the total burden of fibres varied tremendously but the percent constitution in given 
range was quite comparable among different samples. 
Analyses of asbestos residues in various samples collected from different comer of a 
pond were explained in tables 1.3-1.5. Table-1.3 shows the pond water and its sediment 
contamination by chrysotile fibres. In both the samples, southern end was registered higher 
number of fibres followed by western, eastern and northern side of pond samples. It is 
especially important to assess the size distribution of the fibres in the environmental media 
there by carrying vital role in evaluating the resultant risk. Lengthwise measurement makes 
evident that the higher number of fibres belong to the group of 31-50 ^ m range in pond water 
and > 50 |im range in pond sediment samples. 
Snails were also collected from different comer of the aquatic source and individual 
groups were mixed, separated randomly (4-5 numbers). As shown in Table-1.4 different snail 
organs like buccalmass, visceral spiral, rectum, foot and muscle showed different numbers of 
mean asbestos fibres per gram organ. Table-1.5 explains the asbestos load in different organs 
of the firogs examined under three groups. Like snail the highest fibre burden was found in 
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rectum and the lowest one was in muscle. The frog kidney also showed considerable level of 
asbestos fibre burden. 
II. Toxicological study with earthworm Pheretirfia posthuma 
1. Bioaccumulation of chrysotile fibres in eziihy/ortn P. posthuma exposed to chrysotile 
P.posthuma were exposed to soil containing two concentrations of chrysotile (~50 
and -500 fibres/g soil). The fibre accumulation was 12,29,69 and 112 fibres/g bw of former 
concentration and 24, 91, 235 and 690 fibre/g bw of later concentration at 7, 14, 21 and 30 
days, respectively (Fig 1.2). 
2. Oxidative stress mediated cytotoxicity in Pheretima posthuma exposed to chrysotile 
fibres 
In earthworm, very few studies exist concerning antioxidants. Antioxidant enzymes 
(Glutathione peroxidase, glutathione reductase and catalase) and glutathione have been 
studied in worms such as Acanthocheilonema vitae (Batra et al 1990) and the trematode 
Schistosoma mansoni (Nare et al 1990). However, these worms have a special biology due to 
their parasitic nature. In earthworms, Stenersen et al (1979), Stenersen and Oien (1981), 
Stokke and Stenersen (1993) and Hans et al (1993) studied the GST activities, which as 
previously described, play a key role in glutathione metabolism and then in cellular redox 
status. 
(a) Field Exposure Studies 
The worms collected from close vicinity of factory were found elevated level of 
LPO and H2O2 in S9 fraction of P.posthuma as shown in Fig 1.3. Both the parameters were 
decreases to close to normal control level when increasing the distance from contaminated 
site. From this, 0 and 1 km sites were the level of both LPO and H2O2 increased significantly 
over control worms collected away (>15 km) from the factory. However, LPO showed a 
significant induction with worms collected from 2 Km sampling site when compared with 
respective control. 
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Cytotoxic markers of LDH and AP were also increased significantly with close 
vicinity of factory site worms (Fig 1.4). This is fiirther recovering with increasing the 
distance from contaminated site. Further oxidative parameters like GSH, GST were 
significantly decreased with close vicinity and recovering in worms collected from 2 and 5 
km sites. But GPx level were found increased with 0 and 1 km of sits and decreased to close 
to normal value with increasing distance (Fig 1.5). 
(b) Laboratory Exposure Studies 
After exposing 50 fibres/g and 500 fibres/g artificial soil to earthworm in laboratory 
condition, lipid peroxidation and H2O2 were significantly elevated in the S9 fraction of 
P.posthuma (Fig 1.6). A significant and progressive increase in LPO was observed as 
compared to their respective controls. At day 7, LPO got elevated only 52% and 86 % over 
control worms, of 50 fibres/g and 500 fibres/g respectively. But the induction was dose-time-
dependent and the maximimi elevation was found at day 30, 96 % and 139 % of 50 fibres/g 
and 500 fibres/g, respectively, compared with control. In H2O2 the induction was also time -
dose dependent but elevation was higher at 500 fibres/g soil than 50 fibre/g soil. 
Fig-1.7 explains the reduction of total glutathione content (GSH) of chrysotile 
exposed earthworm population. Although the glutathione (GSH) content was reduced in 
both of 50 fibres/g and 500 fibres/g soil but significant level of depletion accounted at later 
concentration only while forma- concentration the significant depletion (p<0.05) started from 
day 21 and onwards. Drug metabolizing enzymes like phase I Cytochrome P450 (CYP450) 
and phase II Glutathione S transferase (GST) were also assayed and results are showed in fig 
1.7. Here, GST activity was constantly decreased with increasing time and dose. From day 7 
onwards significant level of depletion of GST activity was found at 500 fibre/g soil exposure. 
At day 30, the depletion was significant and got reduced drastically up to 43 % and 23 % of 
50 fibres/g and 500 fibres/g soil exposed, respectively. This clearly indicates the continuos 
induction of asbestos fibres in the earthworm body as it swallows the fibre with soil. The 
depletion of phase I enzyme CYP 450 was also observed. The CYP 450 content was 
decreased with increasing time and concentration. This clearly provides evidence of collapse 
of cytochrome monooxygenase system in earthworm body organelles. 
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Glutathione peroxidase (GPx), Glutathione reductase (GR) and Catalase (CAT) 
induction profiles are explained in Fig 1.8. At initial stage GPx got elevated approxiniately 
20 % only over control worms and later stages the elevation was time and concentration 
dependent manner. But at both the coiicentrgttions Gfli induction was sigqificantly higher as 
compared to control values after 14 days of post exposure. Further, catalase, an antioxidant 
enzyme in oxidative stress responses found increased with dose and time dq)endent manner 
and significant induction was found after 14 days of exposure at both the concentrations of 
50 fibres/g and 500 fibres/g soil. The induction of Glutathione reductase (GR) in exposed 
earthworm was not shown much variation with control worms. At day 30, it got significant 
elevation at both 50 fibres/g and 500 fibres/g soil category. The results fiirther explored that 
the effect would be time rather concentration dependent. 
Fig-1.9 explams plasiiia membrane damage by assaying the Lactate dehydrogenase 
(LDH) in S9 fraction. The result showed that the induction or leakage of LDH was 
significant but not merely dqpesndent with concentration of fibre exposed. Furtha: lysosomal 
damage was explained by two way, one is Acid pho^hatase (AP) (Fig-1.9) leakage and 
another by neutral red retention assay in coelomocytes (Fig-1.10). In our study both the assay 
system strongly evident Ae lysosomal damage at both the dust concentrations. 
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Figure 1.1. Asbestos-Cement factory location, Mohanlalganj, Lucknow, (India). 
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Table 1.1. Asbestos residues in soil samriples around an asbestos-cement factory. 
Sample 
OKm 
IKm 
2Km 
5km 
Figure withii 
Total 
Fibres/ 
gdw 
541 
67 
43 
29 
1 parenthes 
% of fibres in lengthwise 
<10Kim 
14.0 % 
(76) 
14.9% 
(10) 
34.8 % 
(15) 
37.9 % 
(11) 
ss indicates i 
11-20 nm 
25.3 % 
(137) 
13.4% 
(9) 
27.9 % 
(12) 
3J.0% 
(9) 
lumber of fibn 
21-30 ^m 
15.7% 
(85) 
19,4% 
(13) 
20.9 % 
(9) 
17.2 % 
(5) 
; out of total fi 
31-50 nm 
18.1 % 
(98) 
23.9% 
(16) 
11.6% 
(5) 
10.3 % 
(3) 
)re content. 
>50fim 
26.8 % 
(145) 
28.4% 
(19) 
4.7% 
(2) 
3.4% 
(1) 
Table 1.2. Asbestos burden in earthworm samples aroimd an asb^tos-cement 
factory. 
Sample 
OKm 
IKm 
2Km 
5Km 
Figure within 
Total 
Fibres/ 
gdw 
366 
123 
89 
43 
parenthese 
% of fibres in lengthwise 
<10^m 
30.3 % 
(111) 
31.7% 
(39) 
32.6 % 
(29) 
34.9 % 
(15) 
s indicates n 
l l-20nm 
27.0 % 
(99) 
20.3 % 
(25) 
25.8 % 
(23) 
27.9 % 
(12) 
umber of fibre 
21-30 ^m 
17.2 % 
(63) 
23.6 % 
(29) 
20.2 % 
(18) 
18.6% 
(8) 
out of total fib 
31-50 urn 
10.7% 
(39) 
11.4% 
(14) 
11.2% 
(10) 
11.6% 
(5) 
re content. 
>50Hm 
14.7 % 
(54) 
13.0% 
(16) 
10.1 % 
(9) 
6.9 % 
(3) 
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Table 13. Asbestos residues in pond water and sediment samples hear an asbestos-
cement factory. 
Sample 
P. water 
North 
P. water 
South 
P. water 
East 
P.water 
West 
P. sediment 
North 
P. sediment 
South 
P. sediment 
East 
P. sediment 
West 
Total 
Fibres/ 
L o r / g 
dw 
282 
304 
287 
298 
360 
420 
399 
404 
% of fibres in lengthwise 
<10nm 
7.8 % 
(22) 
11.8% 
(36) 
19.9% 
(57) 
11.1% 
(33) 
5.0% 
(18) 
4.5 % 
(19) 
3.0% 
(12) 
5.0% 
(20) 
11-20 Jim 
15.6% 
(44) 
12.8 % 
(39) 
16.4 % 
(47) 
17.7% 
(53). 
13.6% 
(49) 
9.3 % 
(39) 
U.0% 
(44) 
10.4% 
(42) 
21-30 urn 
18.8% 
(53) 
18.1% 
(55) 
12.1 % 
(35) 
16.8% 
(50) 
16.9% 
(61) 
13.1 % 
(55) 
17.5% 
(70) 
12.6% 
(51) 
31-50 ^m 
25.5 % 
(72) 
30.9 % 
(94) 
23.4% 
(67) 
31.2% 
(93). 
30.8 % 
(111) 
25.2 % 
(106) 
24.3 % 
(97) 
25.0% 
(101) 
>50 
^m 
32.3 % 
(91) 
26.4% 
(80) 
28.2 % 
(81) 
23.2 % 
(69) 
33.6 % 
(121) 
47.9 % 
(201) 
44.1 % 
(176) 
47.0% 
(190) 
Figure within parentheses indicates number of jRbre out of total fibre content 
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Table J.4. Mean asbestos residues in different organs of snails near an asbestos-
cement factory. 
Name of the 
organ 
Mean* 
Fibre\g 
organ 
% of fibre in lengthwise 
<10nm 11-20 ^ m 21-30 nm 31-50 ^ m 
>50 
^m 
Buccalmass 60 13.3% (8) 
20.0% 
(12) 
23.3 % 
(14) 
28.3 % 
(17) 
15.0% 
(9) 
Visceral 
spiral 
76 11.8% 
(9) 
19.7% 
(15) 
21.0% 
(16) 
27.6% 
(21) 
19.7 % 
(15) 
Rectum 112 12.5 % (14) 
23.2 % 
(26) 
20.5 % 
(23) 
30.3 % 
(34) 
13.4% 
(15) 
Foot 40 10.0% (4) 
27.5 % 
(11) 
20.0% 
(8) 
32.5 % 
(13) 
10.0% 
(4) 
Muscle 21 14.3 % (3) 
19.0% 
(4) 
23.8 % 
(5) 
38.1 % 
(8) 
Figure within parentheses in<tic9tes number of fibre out of tot^ mean fibre content. 
* Mean value of fibre present in Ae total No of oisahism, stuped under three groups. 
4.8% 
(1) 
Table 1.5. Mean asbestos residues in different organs of &ogs near an asbestos-
cement factory. 
Name of the 
organ 
Eye 
Stomach + 
Duodenum 
Rectum 
Kidney 
Muscle 
Mean* 
Fibre\g 
organ 
28 
72 
189 
69 
20 
% of fibre in lengthwise 
<10^un 
17.9% 
(5) 
12.5 % 
(9) 
12.7% 
(24) 
17.3 % 
(12) 
10,0% 
(2) 
11-20 jam 
24.9% 
(7) 
20.8 % 
(15) 
15.8 % 
(30) 
15.9% 
(11) 
10.0% 
(2) 
21-30 ^ un 
24.9% 
(7) 
19.4% 
(14) 
25.4% 
(48) 
26.0% 
(18) 
20.0% 
(4) 
31-
50nm 
21.4% 
(6) 
27.7 % 
(20) 
33.9% 
(64) 
27.5 % 
(19) 
40.0% 
(8) 
>50 
^m 
10.7% 
(3) 
19.4% 
(14) 
12.2 % 
(23) 
13.0% 
(9) 
20.0% 
(4) 
Figure within parentheses indicates number of fibre out of total mean fibre content. 
* Mean value of fibre present in the total No of organism, studied under three groups. 
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Fig. 1.2. Chrysotile fibre counts in P. posthuma exposed to soil containing chrysotile 
asbestos. 
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Fig. 1,3. Chrysotile induced lipid peroxidation (LPO) and liydrogen peroxide (H2O2) 
in P. posthuma collected around an asbestos-cement factory. Values are calculated as 
percent of control levels. The respective control values (mean + SE (n=5)) were: 
LPO, 0.91+ 0.10 nmol MDA formed/mg protein/ hr; H2O2, 1.12+ 0.09 nmol H2O2 
formed/min/mg protein). *p<0.05; **p< 0.025; ***p< 0.001 (compared to control). 
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Fig.1.4. Chrysotile induced leakage lactate dehydrogenase (LDH) and acid 
phosphatase (AP) in P. posthuma collected around an asbestos-cement factory. 
Values are calculated as percent of control levels. The respective control values 
(mean ± SE (n=5)) were: LDH, 19.10±0.66 nmol NADH oxidized/ min/ mg protein; 
AP, 0.29+0.09 nmol 4-nitro phenol produced/ min/ mg protein). *p<0.05; **p< 0.025 
(compared to control). 
SlsBestos & Ixolvfficaf Impact 64 
250 -1 
200 
"o 
•« 150 
O 
o 
0> 
Ji 100 
« Q. 
50 
0 -
HGSH 
** 
1 
^ B l t * r^-y 
fe^l 
* 
P ^ ** 
i^ 
r t ] . 
j i 
- i -
i 
-^t 
1 
0 km 1 km 2 km 5 km 
• GST 
DGPx 
1 
1 
Distance from factory 
Figure.1.5. Chrysotile modulated glutathione (GSH), glutathione-S-transferase (GST) 
and glutathione peroxidase (GPx) in P. posthuma collected around an asbestos-
cement factory. Values are calculated as percent of control levels. The respective 
control values (mean ± SE (n=5) were: GSH, 42.02+1.0 nmol GSH/ mg protein; GST, 
245.1+3.1 nmol CDNB conjugate/ min/ mg protein; GPx, 2.99+ 0.41 nmol NADPH 
oxidized/ min/ mg protein). *p<0.05; **p< 0.025 (compared to control). 
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Day 30 
Fig.1.6. Chrysotile induced lipid peroxidation (LPO) and hydrogen peroxide (H2O2) 
in P. posthuma exposed to -50 chrysotile fibre and -500 chrysotile fibres per g of 
soil. Values are calculated as percent of respective control levels. Values represents 
mean + SE(n=5) *p<0.05; **p< 0.025; ***p< 0.001. 
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Fig.1,7. Chrysotile depleted glutathione (GSH), glutathione-S-transferase (GST) and 
cytochrome P450 (CYP450) in P. posthuma exposed to -50 chrysotile fibre and -500 
chrysotile fibres per g of soil. Values are calculated as percent of respective control 
levels. Values represents mean + SE (n=5) *p<0.05; **p< 0.025; ***p< 0.001. 
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Fig.1.8. Chrysotile induced glutathione peroxidase (GPx), glutathione reductase (GR) 
and catalase (CAT) in P. posthuma exposed to -50 chrysotile fibre and -500 
chrysotile fibres per g of soil. Values are calculated as percent of respective control 
levels. Values represents mean ± SE (n=5) *p<0.05; **p< 0.025; ***p< 0.001. 
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Fig.1.9. Chrysotile induced lactate dehydrogenase (LDH) and acid phosphatase (AP) 
in P. posthuma exposed to -50 chrysotile fibre and -500 chrysotile fibres per g of 
soil. Values are calculated as percent of respective control levels. Values represents 
mean ± SE (n=5) *p<0.05; **p< 0.025. 
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Fig.1.10. Chrysotile mediated toxicity in coelomocyte of P. posthuma exposed to -50 
chrysotile fibre and -500 chrysotile fibres per g of soil assayed by neutral red 
retention assay. Values are given in minutes. Values represents mean + SE (n=5) 
*p<0.05;**p< 0.025. 
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DISCUSSION 
(I) Asbestos burden in various ecological samples around an asbestos-cement 
factory 
Earthworms possess several qualities, which are ne«ied in animals used for 
biomonitoring of terrestrial systems. They are large, numerous, easy to sample and easily 
identified. They are widely distributed and relatively immobile, they are in full contact with 
the substrate in which they live and they consume large volumes of this substrate. They could 
be considered the terrestrial equivalent of aquatic fitter-feeders, and their growth rates, 
reproduction and behavior affected, but they also accimiulate some chemicals into their 
tissues at levels higher than the medium in which they live. Residues of chemicals can 
bioaccumulate in earthworms and may be distributed by them to tissues of animals in higher 
trophic levels within the food web. This means that low levels of contamination of soil can 
be detected by monitoring number of earthworms and the residues they contain (Edwards and 
Bohlen, 1992). 
In our study, the earthworm sample collected at 1 Km distance showed 123 fibres per 
gram of dry weight whereas soil sample showed 67 fibres per gram of dry weight Evidences 
from field studies by Glovinova et al. (1994) and Greig-Smith et al. (1992) showed that 
asbestos and metals were substantially accumulated in earthworms surviving in contaminated 
waste site, respectively. Further Schreier and Timmenga (1986) suggested that chrysotile 
load in the soil may elevate the magnesium and trace metal levels locally, where upon plants 
or soil biota like earthworm selectively takes them up. When considering the measured soil 
asbestos concentration and the earthworm body asbestos concentration firom our study, a very 
uniform asbestos gradient in the soil were not reflected so convincingly by the earthworm 
body asbestos concentrations. While this situation of higher fiber presence in the earthworm 
than the soil, obviously indicates the greater bioaccumulation of asbestos in samples 
collected fi-om all the four sampling sites. The pond water and its sediment contamination by 
chrysotile fibres showed that the southern end was registered higher number of fibres 
followed by western, eastern and northern side of pond samples. This may be due to the fact 
that the former two sites are located towards or nearer to the factory. It is especially 
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important to assess the size distribution of the fibres in the environmental media there by 
carrying vital role in evaluating the resultant risk. Lengthwise measurement makes evident 
that the higher number of fibres belongs to the group of 31-50 i^m range in pond water and > 
50 ^m range in pond sediment samples due to the close vicinity of the factory. These data 
further explains the fact that the large fibres are removed fi-om the air and water by 
gravitational settling at a rate dependent upon their size, but small fibres may remain 
suspended for long period of time. 
According to the Toxic Release Inventory (TRI) in 1999, the total releases of asbestos 
to the environment (including air, water and soil) firom 87 facilities were 13.6 million poxmds 
(TRI99 2001). Smce asbestos fibres do not endure significant transformation or degradation 
in soil (EPA 1989), makes it moving fi"om one tropic level to another in the ecosystem. 
Although the route of asbestos entry is not clearly understood, the present finding agrees the 
accumulation of asbestos fibres in the snails in accordance with the finding of Glovinova et 
al (1994), who reported lesser amount of fibres than our study at different habitats snails but 
not from the environment of asbestos industry. Gomot-de Vaufleury and Pihan (2002) also 
demonstrated the bioaccimiulation of various metals in snail through oral and dermal iq t^ake 
from contaminated site. Like snail, frog also have the highest fibre burden in rectum and the 
lowest one in muscle. The frog kidney also showed considerable level of asbestos fibre 
burden. This is further supported by Woodhead et al. (1983), who reported that in fish, 
during excretion process the fibre might get accumulated in the kidney, when exposed 
chronically in the environmental media. Although the total fibre content among the organs 
was different but individual lengthwise measurement of each ranges was quite comparable. 
The mean asbestos burden and lengthwise fibre burden (31-50 i^m) studied under three 
groups of each part of the snails and frogs are the consequence of asbestos load in their living 
materials. Despite there might be one more possibility of translocation of fibres in frog is that 
some kind of frogs feed on various insects, snail, slug and earthworm in soil on land, 
sediment in ditches and paddy fields (Maeda and Matsui. 1989). Few reports abready 
indicated the bioaccumulation of PCB in frog through food web (Kadokami et al. 2000; 
2002). Thus, the bioaccumulation and passing through food web impact may first involve as 
direct poisoning and contamination may secondly involve as an indirect ecological effect. 
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II. Oxidative stress response in P.posthuma 
Nature has provided cells with very strong biological antioxidant defense 
mechanisms. These include a variety of enzymatic and non-enzymatic molecules with 
enormous capabilities to mitigate the deleterious and potentially hamiful effects of ROS and 
other free radicals. One of the primary antioxidant defense mechanism is the Glutathione 
(GSH) redox system. The enzyme of this system provides a formidable protective shield 
against oxidative damage. The aim of this study was to explore the potential for using the 
biochemical responses of P.posthuma as biomarkers to monitor chrysotile contamination in 
soil. As demonstrated by Saint-Denis et al (1999; 2001) knowledge of time and dose 
dependent relationship of the responses is needed in order to use them as biomdicators. So, 
the concentrations used were to mimic the field level of asbestos contaminants. In our study, 
different biochemical factors were evaluated as potential biomarkers to diagnose the effect of 
chrysotile on P.posthuma. 
Nimierous studies have shown that exposure to asbestos leads to the generation of 
reactive oxygen ^>ecies (ROS) followed by an increase in lipid peroxidation (LPO) in 
experiment animals and mammals. In fish, LPO is stimulated by exposure to various metals 
either in vitro or in vivo (Thomas and Wofford 1993). In addition, Labrot et al (1996) has 
shown that Pb and uranium can induce LPO in earthworms. Membranes in earthworms are 
particularly rich in polyunsaturated fatty acids (PUFA) (Albro et al 1992; 1993). These 
animals are therefore susceptible to peroxidation. Our results have shown that LPO 
concentration was higher in throughout the study period of increasing duration and dose of 
exposure. This suggests that continues induction occurred and ROS have been formed. The 
increases in LPO were related to those of GSH reduction also. By contrast, although 
catalase(CAT) is also inducible under conditions of oxidative stress (Di Giulio et al 1989; 
Labrot et al 1996). But in our resuU not much variation was found in CAT and Glutathione 
reductase (GR) activities between exposed and control worms. 
Glutathione (GSH) plays a vital role in the cellular antioxidant defense 
mechanism in several ways. 1. It is the substrate for glutathione peroxidase 2. It assists in the 
regeneration of ascorbate and tocopherol. 3. GST can conjugate it to electrophihc 
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xenobiotics. 4. It can link directly to prooxidants (Christie and Costa 1984; Meister 1995). 
The GR also plays an important role in cellular protection by reducing GSSG (oxidized form) 
to GSH (active form). In our study the depletion of GSH level make evident of ROS 
production and further enhancement of GR activities followed by the exposure of asbestos 
were already been well documented with experimental animals (Dunbar et al 1984; Witschi 
1977). The enhanced activity of GPx may be an attempt to protect the cell by converting 
H2O2 or lipid peroxides to water or non-toxic hydro peroxides (Loebs et al 1988). Catalase, is 
one of the main antioxidant enzyme that converts hydrogen peroxide (H2O2) to oxygen and 
water. So the induction of l{i02 and CAT in the assay system further evident of the 
production of ROS. Inspite of the increase in GR, a significant depletion of GSH was 
observed. The observed decreases in the level of GSH might be due to the production of ROS 
in response to chrysotile. So our results clearly showed the alteration of glutathione redox 
system due to the production of ROS in earthworm, exposed to chrysotile contaminated soil. 
These observations suggest that glutathione and related enzymes play a major role in the 
protection of P.posthunta against ROS mediated toxicity. 
One of the most important system involved in the oxidation of endogenous and 
exogenous compounds is the cytochrome P 450 (CYP 450) dependent monooxygenase or 
mixed function oxidase system (MROD) (Livingstone 1990; Stenersen 1992). This system is 
a universally distributed enzyme system known to be induced by a range of xenobiotic 
compounds (Livingstone 1990). In earthworms good evidence exists for the presence of CYP 
450 monooxygenase (Berghouit et al 1989; Eason et al 1998). The observed changes in CYP 
450 or MROD activities would be related to other mechanisms. For instance, the decrease in 
MROD activities could be related to a reduction in beam synthesis because CYP 450 is a 
heam protein (Lewis 1996). Another hypothesis explains that the decrease in CYP 450 
activity is related to the effects of ROS on this enzymes or to alterations in membrane 
functioning. In vivo activation of LPO in many pathological processes in mammals is 
accompanied by a decrease in monooxygenasee activity and in CYP 450 content (Arina et al 
1991). Biomarkers (mainly CYP 450) are currently used in biomanitoring programs to survey 
xenobiotica (Stegeman and Lech 1991; Burgeot et al 1996). However, as shown by Schnell 
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et al (1979) and Lewis (1996), metals can also inhibit CYP 450 activities thus makes further 
evident of our present study. 
Glutathiohe-S-transferase is involved in phase II metabolism. These enzymes have 
been studied in earthwomi and especially in E.fetida (Saint-Denis et al 1998) and 
P.posthuma (Hans et al 1993). They are probably present in all organisms, are major 
constituents of animal cells and form a family of biotransformation enzymes that play an 
imporatnt role in binding or conjucating lipophilic molecules with an electrophilic atom. It 
has been proposed that GSTs have evolved as a defense system, providing detoxification 
enzymes, towards products formed by reactions with oxygen (Stenersen et al 1987). This 
system has been shown to be affected by various chemicals in many aquatic and terrestrial 
species (Mayer et al 1992; Peakall and Walker 1994). In our study, continuous depletion of 
GST was observed with increasing time and dose, clearly showed the production of ROS 
mediated oxidative stress. Nevertheless, not only asbestos inhibits GST activity in 
earthworm, there are so many chemicals, which also reported to inhibit GST activity 
(Stenersen and Oien 1981; Stokke and Stenersen 1993). 
The cytotoxicity was observed by the leakage of lactate dehyrogenase (LDH) and 
acid phosphatase (AP) enzymes. In our study, both the enzymes got leaked out in cell firee 
system and increased activities were found throughout the study period. In other animal 
system the increased activities of LDH and AP were demonstrated in cell free system and 
could be correlated with the degree of cytotoxic capabilities (Janssen et al 1992). Further 
they compiled that enhanced activity of antioxidant enzymes after mineral fibres exposures 
were due to the increased transcription of these enzymes by their respective mRNA at gene 
level. Thus this proves the cytotoxic response of chrysotile exposed to P.posthuma. 
In earthworms, the immune system is located in the coelom, consisting of coelomic 
fluid and coelomocytes, which like mammalian leukocytes, are sensitive to foreign material 
(Goven et al 1993). Earthworm immimobiology and immunotoxicology have been proposed 
for assessmg risks to public and environmental health from hazardous waste sites (HWS) and 
contaminated soils (Venables et al 1992; Goven et al 1994). In other words, coelomocytes, 
capable to execute several immune fimctions including antigen detection and processing and 
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phagocytosis (Bilej et al 1990; Dales and Kalac 1992) are considered good cellular indicator 
in immunotoxicology. 
Neutral red, which is a weak cationic dye that penetrates cell membranes by non-
ionic passive diffusion, is retained intracellularly in the lysosomes of coelomocytes (Nemes 
et al 1979). It's a well-established technique for the evaluation of cytotoxicity caused by 
chemical compounds, using cells from mammals, humans and fish as targets (Babich and 
Borenfreund 1990). The relative release of dye depends on the lysosomal function. In the 
present experiment, it's clear that chrysotile induced lysosomal damage, and the dye 
retention time gradually decreased with the dose and time of chrysotile exposure. Gupta 
(2000) studied the effect of Cd on coelomocytes from the earthworm, Metaphire posthuma 
and found that the retention time decreased significantly with increasing exposure to Cd in 
vitro. The present study confirmed that the lysosomes are the target organelles in a cell, and 
that they can be used to assess the toxicity of environmental pollutants. Furthermore in our 
study the magnitude of effects were found to be higher with field worms than laboratory 
exposed worms, might be due to the exposure of multiple chemical and toxicants at field 
level. However the pattern of alteration in various enzyme and protein levels was found 
similar with laboratory exposure study results. 
It is obvious from our above findings presented here that the asbestos concentration 
decreased with increasing distance from the factory. The bioaccumulation of chrysotile fibres 
in the body organ of the model animal species is the consequence of asbestos burden in their 
living materials. Further persistence of fibers in their living material causes cytotoxicity 
mediated through reactive oxygen species to the ecotoxicological model animal species like 
earthworm. The magnitude of toxicity were found to be higher with field exposure, might be 
due to the presence of other chemicals in the environment. This further extrapolates the 
chrysotile-mediated toxicity in non-occupational level with co-exposure of other 
environmental pollutants in human populations. Moreover, the environmental exposure, 
durability and toxic manifestation of chrysotile fibers would stress to evaluate the human 
biomonitoring study, which explores the further chapter. 
Chapter 2 
Clinico-Radiological & PFT 
Profiles of Biomass Exposed 
Indian Subjects and Health 
Effects 
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INTRODUCTION 
In India, air pollution tends to be highest indoors, where 75% of its households rely 
on "traditional" biomass fuels such as dung, wood, crop residues and grasses which are 
birnied with or without the help of kerosene oil for cooking and heating purposes. Compared 
to other countries, India has the largest burdra of disease due to the use of "dirty" household 
fuels and 28% of all deaths are responsible due to indoor air pollution (Smith 2000a). 
Biomass fuels are high emitters of pollutants and carry low combustion efficiency also 
identified as causal agents of several respiratory diseases and adverse health effects, 
particularly among women and young children (Bruce et ah 2000). Indoor air pollutants 
account for roughly 2.2 to 2.5 million deaths annually developing countries; this has begun to 
receive greater attention (WHO 1997b). 
Clinical studies suggested that the use of biomass fuels particularly cow dimg and 
wood associated with chronic bronchitis and functional changes of airway function (Behera 
and Jindal 1991). High incidence of chronic bronchitis was also reported among the residents 
of rural Nepal hills due to domestic smoke pollution caused by indigenous cooking fuels. A 
further study revealed that women, infants and children, who spend more time close to 
cooking areas, are at higher risk of respiratory problems. In addition, several studies strongly 
suggested a correlation between domestic exposure and acute respiratory infections as well as 
chronic obstructive lung diseases (Pandey 1984a & b; Pandey et al. 1989). A study done in 
Northern India noted a strong association between use of biomass fuels and pulmonary 
tuberculosis (Mishra et al. 1999). Approximately 5,00,000 persons die from pulmonary 
tuberculosis every year in India (WHO 1997a) and diminution of vision is also reported due 
to toxic bio-fiiels. Combustion of biomass fuel produces various noxious gases and toxic 
carcinogenic substances, which includes carbon monoxide, oxides of sulfur and nitrogen, 
poly aromatic hydrocarbons such as benzo(a)pyrene, aldehydes such as formaldehyde as well 
as other carcinogens and potential irritants (Raiyani et al 1993; WHO 1991). Further, Smith 
et al. (1983) found that the average benzo(a)pyrene exposure during cooking period was 
nearly 4000 ng/m . This is an extremely high concentration by global standards. Atmospheric 
PAHs are associated primarily with the respirable fractions of suspended particulate matter 
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i.e., PM2.5 & PMio. A recent study done in Southern India showed a very high concentration 
of respirable particulate matter ranging from 50-200 ng/m"' registered during cooking hours 
(Balakrishnan et al. 2002). Many of these inhaled substances get deposited in the 
tracheobronchial tree and alveoli of the lung causing adverse effects. 
The health impacts of indoor air pollution due to use of bio-fuels can be attributed to 
exposure to domestic smoke. Since a large number of variables are involved in linking air 
pollution with human health, it is very difficult to prove that air pollution has a clearly 
demonstrable effect on human health. Many studies in the past have tried to link air pollution 
with respiratory diseases (Ostro et al 1995; Smith, 1987 & 1996; NFHS, 1995). In this study 
we have tried to link health impacts with exposure to indoor air pollution and inflammatory 
responses using biological end points. 
More recently, the uses of biomarkers to estimate either exposure or resultant effects 
of chemical or toxicant have received considerable attention (Fossi and eLeanzio 1994). 
Biomarker has been defined as "a biological response that can be related to an exposure to or 
toxic effect of an environment chemical and chemicals (Peakall and Shugart 1993). The 
major reasons for the current interest in biomarkers are the limitations of the classical 
approach to environmental toxicology. The special focus of the present study is to develop 
some basic epidemiological data points which may further useful in risk assessment by 
applying various biomarkers and its usefuhiess at field level for early alarming the disease 
development process. This present study comprises air monitoring, clinical examination with 
complete history and habits recording of study subjects, pulmonary function test (PFT), 
radiological examination, sputum cytology and nasal cellular profiles of various cooking fuel 
smoke exposed populations. 
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RESULTS 
Air monitoring of Indoor Air Paiiicuiates 
Air monitoring data showed that indoor air particulates were higher in all biofuel 
category compared with LPG fuel. Households using cowdung and cowdung/ wood have the 
highest RSPM and TSP concentrations, followed by wood, kerosene and LPG fuels, 
illustrated in figure-2.1. The maximum level of RSPM and TSP were found in cowdung fuels 
of 505 ng/ m^  and 1019 i^g/ m\ respectively, while LPG fuel had 69 i^g/ m^  and 86 ng/ m\ 
respectively. The overall picture gives clue that the concentration of both RSPM and TSP 
were found to be increasing order of LPG> kerosene> wood> cowdung/ wood> cowdung. 
The overwhelming majority cooked in enclosed (poor-ventilated) spaces, either in kitchens 
that were partitioned from the rest of the house or in separate structures. 
Ciinical Examination 
The total study population was divided into five categories based on the type of 
primary fuel used, namely, cow dung (n=61), cow dung/wood (i!=56), wood (n=52), 
kerosene (n=72) and LPG (n=102) with matched age, smoking habit and other physical 
parameters (Table-2.1). The effect of domestic cooking fuels producing various respiratory 
problems among the rural population studied is shown in Table-2.2. The most common 
problems were foimd to be dyspnoea, cough and chest pain. The overall prevalence of 
breathing problem was significantly (p<0.001) higher in cowdung fuel user compared to the 
respective control population (LPG, n=102). The LPG users showed a minimum prevalence 
of respiratory symptoms, while those who used cowdung/ wood showed 32.1% (p<0.01) and 
26.7% (p< 0.05) of dyspnoea and cough, respectively. Dyspnoea and cough was found to be 
significant in all groups of biomass fuel users when compared with LPG users. Kerosene 
users had 2 times higher relative risk of dyspnoea than LPG users while cough and chest pain 
were found to be 1.4 (0.6-3.4) and 1.2 (0.5-2.8) times higher relative risk over LPG users, 
respectively (Table-2.2 (a)). 
Further dividing the population females (n= 205) and males (n=138), dyspnoea was 
found to be higher among female population and cough were found to be in male subjects 
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(Table -2.2(b,c)). In addition, among female subjects the relative risk to dyspnoea was found 
to be 4.8 (p< 0.001), 4.3 (jX 0.01), 3.5 (p< 0.05) and 2.2 of cowdung, cowdung/ wood, wood 
and kerosene users, respectively. Cough and chest pain also registered considerable level but 
statistically non-significant. Overall male subjects were foimd increased susceptible to cough 
while dyspnoea had second level among major clinical symptoms noted. Among the male 
population the predominant probleihs were cough and chest pain, whereas these two were at 
second position among the female population. This index of effect might be due to the 
occupational and smoking habits amcmg the male population. Although dyspnoea were found 
to be significant (OR-4.1 (0.8-22.8)) in cowdimg fuel user in male subjects; other fuel users 
had not received significant level but it was clinically elevated over corresponding LPG 
users. Other predominant symptoms recorded were irritation of eyes, lacrimation, reddening, 
pain in the eyes and itching of the skin. 
Radiological Examination 
Table-2.3 shows the distribution of chronic bronchitis and pulmonary tuberculosis 
cases, as related to the type of cooking fuel used. Statistical variation was determined only 
between total symptomatic cases of respective fuel users against total symptoms found in the 
control group (LPG). Overall, 17.2% (p<0.01) of the biomass fuel users were found to 
acquke chronic bronchitis and the prevalence among cowdung (p<0.001), cowdung/ wood 
(p< 0.01) and wood (p< 0.05) users were significantly higher than that of cow dimg/wood 
and wood users. Kerosene users had odds ratio of 1.4 (0.2-9.2) times more relative risk to 
chronic bronchitis than LPG users but the prevalence was statistically non-significant. 
Sputum cytology for the presence of acid -fast bacilli revealed 5.3% positive cases in 
overall study populations (n=169). Furthermore, cowdung users exhibited 6.5% (n=61) 
positive lesions followed by cow dung/ wood (5.3%), wood (3.8%) and kerosene (1.4%) 
users. Nevertheless none of the TB prevalence had statistical significant, but the relative risk 
over LPG users were quite high and found to be 3.5 (0.5-28.6), 2.8 (0.4-25.1), 2.0 (0.2-20.6) 
and 0.7 (0.02-10.2) of cowdung, cowdung/ wood, wood and kerosene users, respectively 
(Table-2.3). 
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Pulmonary Function Test 
The pulmonary function status of the overall population is shown in Table -2.4. Here, 
the statistical analysis compared total pulmonary in^aired cases found in respective fuel 
users and total impaired cases from LPG users. Among biomass fuel exposed people, 33.7% 
(p<0.001) had ventilatory abnormalities. In addition, the percent of obstruction was 
significantly higher among cowdung (p<0.001), cow dung/ wood (p<0.001) and wood (p< 
0.01) users than LPG users. In kerosene users, it has not significant, but high percentages of 
obstruction (13.9 %) was found when compared to control population. The results further 
states the adverse effect of biofiiels by categorizing it into mild, moderate and severe 
obstruction; mild and moderate levels of obstruction were only predominant in wood users 
whereas severe level of obstruction was observed in case of cowdung (16.4%) and cow dung/ 
wood (16.1%) users. These results furthar discriminate and substantiate the deleterious natxure 
of fuels and the consequences of impaired pulmonary effects of exposed groups. The male 
population was foxmd to have a high percentage of obstruction, including LPG users, when 
compared with female groups; this could be probably due to the occupational and common 
smoking habits among them. Nevertheless neglecting these factors in the female population, 
it clearly indicates a higher reduction of pulmonary function was exhibited in cowdung 
(31.4?/o) and cowdung/ wood (28.1%) users followed by other cooking fuel users. This 
confirmed that biofuel users were more liable to have reduced pulmonary fimction compared 
to women exposed to LPG smoke. 
Nasal Lavage 
Data on the percentage of different cells in nasal secretions of cooking fuel smoke 
exposed subjects are summarized in Table 2,5. A liner correlation does not existed between 
the percentage of different cell types and the level particulate exposures. Neutrophil content 
were significantly higher in cowdung (p< 0.01) and cowdung/ wood (p < 0.01) fuel smoke 
exposed subjects. Eosinophil counts showed same level of significant with same fuel smoke 
exposure. Increased munber of macrophage and lymphocyte were found and induction was 
significant in former cell group with cowdung, cowdung/ wood and wood fuel smoke 
exposed subjects. Total inflammatory tune is in consequence with magnitude and type of 
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particulate exposure. LPG exposed subjects shown minimum induction of 49 %. The 
significant level (p< 0.01) of secretion was found in cowdung and cowduhg/ wood exposed 
subjects. Kerosene fuel smoke exposure has not shown significant secretion of inflammatory 
cells when compared witii LP<G fuel smoke exposure. The overall inflammatory cell secretion 
has not shown any relationship with magnitude of pollutant exposure, while differed firom 
only LPG fuel smoke exposed subjects. 
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Table-2.1. General characteristics of study population 
Gender 
Age (Male) 
(n=138) 
Age (Female) 
(n=205) 
Height (cm) 
(X + SD) 
Weight (kg) 
(X + SD) 
Smoking 
(%) 
Tobacco-
chewing (%) 
Category 
Male 
Female 
Total 
< 30 year 
30-50 year 
>50 year 
< 30 year 
30-50 year 
>50 year 
Male 
Female 
Male 
Female 
Male 
Female 
Male 
Female 
Cow dung 
26 
35 
61 
10(7.2%) 
12 (8.7 %) 
4 (2.9 %) 
20 (9.7 %) 
11(5.4%) 
4(1.9%) 
167 + 5.8 
145.5 + 4.2 
64.1+3.2 
51.3+5.1 
15.3 
*" 
19.2 
7.6 
Cowdung/ 
wood 
24 
32 
56 
6 (4.3 %) 
13 (9.4 %) 
5(3.6%) 
18(8.8%) 
9(4.3%) 
5 (2.4 %) 
168.1+4.2 
146 + 4.9 
65.5 + 4.4 
52.1+5.6 
20.8 
-
-
8.3 
Wood 
18 
34 
52 
6 (4.3 %) 
11(7.9%) 
1 (0.72 %) 
19 (9.2 %) 
11(5.4%) 
4(1.9%) 
165 + 3.4 
145.2 + 5.2 
67 + 4.7 
53.6 + 4.9 
15.3 
-
16.6 
-
Kerosene 
34 
38 
72 
12 (8.7 %) 
16(11.5%) 
6 (4.3 %) 
16 (7.8 %) 
12 (5.8 %) 
10(4.8%) 
169.3+4.9 
146.1+4.6 
68.3 + 3.9 
54.7 + 3.99 
17.6 
-
17.6 
5.8 
LPG 
36 
66 
102 
12 (8.7 %) 
17 (12.3 %) 
7 (5.0 %) 
38(18.5%) 
18(8.7%) 
10 (4.8 %) 
170.5 + 3.1 
147.9 + 4.1 
69.1+3.9 
57.0 + 4.23 
11.1 
-
13.8 
2.7 
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Table-2.2. Clinical Examination of Study Population 
2.2.(a). Total Population (n=343) 
Fuel 
Category 
Cow dung 
Cow dung/ 
wood 
Wood 
Kerosene 
LPG 
No. of Subjects 
61 
OR (LCL-UCL)* 
56 
OR (LCL-UCL)* 
52 
OR(LCL-UCL)* 
72 
OR(LCL-UCL)» 
102 
Dyspnoea 
21 (34.4%) 
4.34*" (1.8-10.0) 
18(32.1%) 
3.92*'(1.6-9.9) 
14 (26.9%) 
3.05* (1.2-8.0) 
14 (19.4%) 
2.0(0.8-5.1) 
11(10.8%) 
Cough 
19(31.1%) 
2.8* (1.2-6.7) 
15 (26.7%) 
2.3* (0.9-5.6) 
15(28.8%) 
2.5* (1.0-6.3) 
13 (18.1%) 
1.4(0.6-3.4) 
14 (13.7%) 
Chest pain 
8(13.1%) 
0.9 (0.3-2.4) 
8 (14.3 %) 
0.9 (0.3-2.4) 
8 (15.4%) 
1.0(0.3-2.6) 
12 (16.6%) 
1.2(0.5-2.8) 
15(14.7%) 
Others/ 
Normal 
13(21.3%) 
15(26.7%) 
15 (28.8%) 
33 (45.8%) 
62 (60.8%) 
The asterisk indicates data that differ significantly from their respective control group (LPG). 
* p< 0.05; * V 0.01; "'p< 0001." Indicates 95% confidence limit, OR-Odds ration; LCL- 95 
% Lower Confidence Limit; UCL- 95 % Upper Confidence Limit 
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2.2 0^ ). Female Population: Various Symptoms (n-205) 
Fuel 
Category 
Co>v dung 
Cow dung/ 
wood 
Wood 
Kerosene 
LPG 
No. of Subjects 
35 
OR(LCL-UCL)* 
32 
OR(LCL-UCL)* 
34 
OR(LCL-UCL)* 
38 
OR(LCL-UCL)* 
66 
Dyspnoea 
14 (40.0%) 
4.8**'(1.6-14.9) 
12(37.5%) 
4.3"(1.4-13.8) 
11 (32.3%) 
3.5*(l.l-n.O) 
9 (23.6%) 
2.2 (0.7-7.3) 
8 (12.1%) 
Cough 
9 (25.7%) 
2.5 (0.8-8.2) 
7(21.8%) 
2.0(0.6-7.1) 
8 (23.5%) 
2.2 (0.7-7.5) 
6(15.7%) 
1.4(0.4-4.8) 
8 (12.1%) 
Chest pain 
4(11.4%) 
1.0(0.2-4.7) 
3 (9.4%) 
0.9 (0.2-4.2) 
4(11.8%) 
1.1 (0.2-4.8) 
4 (10.5%) 
1.0(0.2-4.2) 
7 (10.6%) 
Others 
8 (22.9 %) 
10(31.3%) 
11(32.3%) 
19(50.0%) 
43 (65.2%) 
The asterisk indicates data that differ significant y from their respective control group 
(LPG). ' p< 0.05; "p< 0.01; "*p< 0001.' Indicates 95% confidence limit, OR-Odds 
ration; LCL- 95 % Lower Confidraice Limit; UCL- 95 % Upper Confidence Limit 
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2.2 (c). Male Pot)ulatipp: Varipus Symptoms (n=138) 
Fuel 
Category 
Cow dung 
Cow dung/ 
wood 
Wood 
Kerosene 
LPG 
No. of Subjects 
26 
OR(LCL-UCL)' 
24 
OR(LCL-UCL)' 
18 
OR(LCL-UCL)* 
34 
OR(LCL-UCL)' 
36 
Dyspnoea 
7 (26.9%) 
4.r(0.8-22.8) 
6 (25.0%) 
3.7(0.7-21.4) 
3 (16.6%) 
2.2(0.2-16.1) 
5 (14.7%) 
1.9(0.3-11.1) 
3 (8.3%) 
Cough 
10 (38.4%) 
3.1 (0.8-12.0) 
8 (33.3%) 
2.5(0.6-10.1) 
7 (38.8%) 
3.2(0.7-14.1) 
7 (20.6%) 
1.3(0.3-5.1) 
6 (16.6%) 
Chest pain 
4(15.4%) 
0.6(0.1-2.7) 
5 (20.8%) 
0.9(0.2-3.8) 
4 (22.2%) 
1.0(0.2-4.6) 
8 (23.5%) 
1.1 (0.3-3.8) 
8 (22.2 %) 
Others 
5(19.2%) 
5 (20.8%) 
4 (22.2%) 
14(41.2%) 
19 (52.7%) 
The asterisk indicates data that differ significantly from their respective control group 
(LPG). * p< 0.05; "p< 0.01; ***p< 0001." Indicates 95% confidence limit, OR-Odds 
ration; LCL- 95 % Lower Confidence Limit; UCL- 95 % Upper Confidence Limit 
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TabIe-2.3. Radiological Examination and Sputum Analysis of Study Population 
Using Various Cooking Fuels 
Cowdung 
Cow dung/ wood 
Wood 
Male (n=26) 
Female (n=35) 
Total (h=61) 
OR(LCL-UCL)* 
Male (n=24) 
Female (n=32) 
Total (n=56) 
OR(LCL-UCL)* 
Male(n=18) 
Female (n=34) 
Total (n=52) 
OR(LCL-UCL)* 
Total Biofuel Exposed (h=169) 
OR(LCL-UCL)' 
Kerosene 
LPG 
Male (n=34) 
Female (n=38) 
Total (n=72) 
OR(LCL-UCL)' 
Malw (n=36) 
Female (n=66) 
Total (n=102) 
Chronic Bronchitis 
5 (19.2%) 
8 (22.8%) 
13 (21 J%) 
8.9'**(2.2-41.6) 
3 (12.5%) 
7 (21.8%) 
10(17.8%) 
7.2"(1.7-34.7) 
2(11.1%) 
4(11.8%) 
6(11.5%) 
4.3' (0.9-22.9) 
29 (17.2%) 
6.4** (1.8-27.2) 
2 (5.9%) 
1 (2.6%) 
3 (4.1%) 
1.4(0.2-9.2) 
2 (5.5%) 
1 (1.5%) 
3 (2.9%) 
Pulmonary 
Tuberculosis 
2 (7.6%) 
2 (5.7%) 
4 (6.5%) 
3.5 (0.5-28.6) 
1 (4.2%) 
2 (6.2%) 
3 (5.3%) 
2.8 (0.4-25.1) 
1 (5.5%) 
1 (2.9%) 
2 (3.8%) 
2.0 (0.2-20.6) 
9(53%) 
2.8 (0.6-19.3) 
1 (2.9%) 
-
1 (1.4%) 
0.7 (0.02-10.2) 
1 (2.7%) 
1 (1.5%) 
2 (1.9 %) 
The asterisk indicates data that differ significantly from their respective control group 
(LPG). ' p< 0.05; "p< 0.01; "*p< 0001. ' Indicates 95% confidence limit, OR-Odds 
ration; LCL- 95 % Lower Confidence Limit; UCL- 95 % Upper Confidence Limit 
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TabIe-2.4. Pulmonary Function: Types of Ventilatory Abnormalities in Rural Population 
using Different Cookiiig Fuels. 
Cow dung 
Cow dung/ 
wood 
Wood 
Total Bio 
(n 
OR(L 
Kerosene 
LPG 
Male (n=26) 
Female (n=35) 
Total (n= 61) 
OR(LCL-UCL)' 
Male (n=24) 
Female (n=32) 
Total (n=56) 
OR(LCL-UCL)* 
Male(n=18) 
Female (n=34) 
Total (n=52) 
OR(LCL-UCL)' 
fuel Exposed 
=169) 
CL-UCL)' 
Male (n=34) 
Female (n= 38) 
Total (n=72) 
OR(LCL-UCL)* 
Male (n=36) 
Female (n=66) 
Total (n=l 02) 
Mild 
6(23.1%) 
2 (5.7 %) 
8 (13.1 %) 
2 (8.3 %) 
3(9.4%) 
5(8.9%) 
2(11.1%) 
6(17.6%) 
8 (15.4 %) 
21 (12.4 %) 
3 (8.8 %) 
1(2.6%) 
4 (5.6 %) 
3 (8.3 %) 
3 (4.5 %) 
6 (5.9 %) 
Moderate 
2 (7.6%) 
4(11.4%) 
6 (9.8 %) 
4(16.6%) 
1 (3.1 %) 
5 (8.9 %) 
2(11.1%) 
3 (8.8 %) 
5 (9.6 %) 
16 (9.4 %) 
2(5.9%) 
2 (5.3 %) 
4 (5.6 %) 
1 (2.8 %) 
1(1.5%) 
2(1.9%) 
Severe 
5 (19.2 %) 
5 (14.3 %) 
10 (16.4 %) 
4(16.6%) 
5(15.6%) 
9(16.1%) 
-
1 (2.9 %) 
1 (1.9 %) 
20(11.8%) 
1 (2.9 %) 
1 (2.6 %) 
2(2.8%) 
-
1 (1.5 %) 
1 (0.98 %) 
Total 
(% Obstruction) 
13(50.0%) 
11(31.4%) 
24 (39 J %) 
6.7*" (2.7-17.3) 
10(41.7%) 
9(28.1%) 
19(33.9%) 
5.3"* (2.0-14.1) 
4 (22.2 %) 
10 (29.4 %) 
14 (26.9 %) 
3.8** (1.4-10.5) 
57 (33.7 %) 
5.3*** (2.4-12.1) 
6 (17.6 %) 
4(10.5%) 
10 (13.9 %) 
1.7(0.4-4.8) 
4(11.1%) 
5 (7.6 %) 
9 (8.8 %) 
The asterisk indicates data that differ significantly from their respective control group 
(LPG). * p< 0.05; "p< 0.01; ***p< 0001." Indicates 95% confidence limit, OR-Odds 
ration; LCL- 95 % Lower Confidence Limit; UCL- 95 % Upper Confidence Limit 
2. 
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LPG Kerosene Wood Cowdung/wood Cowdung 
Fuel category 
Fig. 2,1. Mean 24 hr air particulate concentrations for different cooking fuels 
exposures. Each value is consisted of mean of seven values. TSP-Total Suspended 
Particulate; RSPM- Particulate less than 10 microns. 
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DISCUSSION 
This study has provided the quantitative exposure assessment for individuals 
exposure to indoor air pollutants in rural communii^  using various biofuels with other 
relatively cleaner fuels. Althoiigh exposure and health impacts in cooks have been known 
from many earlier studies, few studies have quantified exposures for other residents. The 
result of the present study have shown that living area concentrations in households with 
poorly ventilated kitchens either partitioned from other roorns or separated structures in 
outside the houses. Cowdung based fuels produced highest level of pollutants compared with 
other fuels. This is consequence witii earlier study that solid fuels from agricultural waste 
eliminate more particulates than cleaner fuels like kerosene and LPG (Balakrishnan et al 
2002; World Bank, 2002). The levels rqwrted in this study are much lower levels reported in 
households using biomass fuels in several other studies (Balakrishnana et al 2002; World 
Bank, 2002). Studies are not siniilar in their choice of particle size cut-offs for monitoring 
and have been done across a wide range of population in different geographic and 
sociocultural zones. Lower levels obtained in the study may thus be reflective of both lower 
cut-offs chosen for measurements as well as lower exposure for this population. 
Results from the present study suggest that exposure to domestic smoke (biomass) 
substantially elevate the health risk of exposed population compared to LPG users among the 
rural community. The most conunonly reported and obvious health effect of indoor air 
pollutants is an increase in the incidence of respiratory morbidity. The prevalence of 
respiratory symptoms such as cough, expectoration, dyspnoea and impaired limg function has 
ah-eady been documented by several reports (Aggarwal et al 1982; Behera 1995; Dutt et al. 
1996). In present study, the predominant symptom was breathing problem (shortness of 
breath) and cow dung users found to have significantly higher incidence of this problem. 
This fmding is very sunilar with Behera and Jindal's (1991) study, wherein they reported that 
cowdung fuel users experienced more breathing problem and respiratory symptoms followed 
by cow dung/ wood and other fuel users. Our study has revealed that female population 
showed significantly a higher prevalence of dyspnoea than male population, which may be 
due to the fact that men exposed to biomass smoke for less duration than women, as women 
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primarily cartyout cooking. But the greater occurrence of cough and chest pain among the 
male population could be due to their smoking habits. As reported by Jindal et al (1996), 
chronic cumulative exposure to both cigarette sthoke and biomass combustion produces a 
significant level of bronchial hyper -responsiveness. 
Radiological examinations revealed that respiratory morbidity, namely chronic 
bronchitis and pulmonary tuberculosis were higher among biofuel users compared to the 
LPG users. In our study, 17.2% of the biomass exposed groups WCTC reported to acquire 
chronic bronchitis and 5.3% to active tuberculosis. This is in accordance with findings by 
Pandey (1984a,b), who reported prevalence of chronic bronchitis (18.3%) was higher among 
people exposed to domestic smoke with most of them (57.4%) having obstructive airway 
diseases. Similarly we also found 33.7% of overall obstructive cases among the biomass-
exposed groups (Table-2.4). A stroiig association between biomass fuel exposure and 
increased prevalence of chronic bronchitis in womai and acute respiratory infections in 
children has been documented by several reports (Bruce et al. 2000; Pandey 1984a & b; 
Smith et al. 2000). Fimctional and radiological impairment have ah-eady been shown in 
women highly exposed to indoor biomass fuels (Behera et al. 2001; Ozbay et al. 2001). A 
recent report also reveals that the use of biomass fuels for household cooking substantially 
increases (51%) the risk of active tuberculosis in India and was found to be much higher 
(969/100000) among biomass fuel users as compared to cleaner fuel users (378/100000) 
p<0.0001 (Mishra et al. 1999). The mechanism by which cooking smoke increases the risk of 
tuberculosis is not well understood but it is possible that cooking smoke increases the risk of 
tuberculosis by compromising respiratory ability to resist infection. Moreover, exposure to 
poly-aromatic hydrocarbons (PAHs), especially benzo(a)pyrene, which are commonly found 
in cooking smoke from biomass combustion, have been shown to cause immune suppression 
in both animals and humans (Singh et al. 1995; Szczeklik et al. 1994). To the extent, such 
immune suppression occurs in country like India, where lot of people becomes infected with 
mycobacterium tuberculosis in childhood, would play a greater role in disease progression 
(Mishra era/. 1999). 
The analysis of nasal lavage fluid as a means of investigating pulmonary toxicity of 
air pollutants is getting gradually a greater attention (Koren et al. 1990; Sterrenberg et al. 
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1996). Several reports has been documented the ihduction of various inflammatory cells in 
nasal lavage during exposure to numerous air pollutants (Koren et al. 1990; Liu et al 1999). 
Chronic exposure to biomass fuel combustion produces significant bronchial hyper 
responsiveness (Jindal et al. 1996). Further, air pollutants can act as potential triggers 
resulting in transient airway narrowing, or can have direct irritants effect leading to airway 
inflammation. Our result of differenitial cell counting of nasal lavage study also reveals 
inflammatory responses due to biomass exposure. Since nasal cavity is the first target and the 
first line of defense against air pollutants, where we found a significant level of macrophages 
induction and considerable level of elevation in polymorphoneutrophils (PMN) cells among 
biomass exposed population over control group. Further, there were no remarkable changes 
in the level of eosinophils and lymphocytes. It is well known that macrophages participate in 
the host defense directly through the recognition and phagocytosis of particulate air 
pollutants. It is also ah antigen-preseiiting cell and plays an important role in regulating 
immune response (Laskin and Peridino 1995). Since an influx of PMN level is an acute 
cellular response to epithelial injury, changes in the number of inflammatory cells received 
by nasal lavage may be a useful biomarker of biomass toxicity. This effect has been clearly 
expressed in our puhnonary function studies. Puhnonaiy impairment in relation to biomass 
exposure in exposed males showed a higher obstruction than exposed females. As said earlier 
the higher abnormalities could be attributed to the smoking habits in males. In addition, 
severe obstructive cases were mostly higher among cow dung fuel users, indicating that 
women using above described fuels were more liable to have reduced pulmonary function 
than other fuel users. These results providing evidence that cow dung alone or with other 
biofbels have the most potent effects on pulmonary function as reported by Dutt et al. (1996). 
The high incidence of respiratory infection, puhnonary impairment, tuberculosis and chronic 
bronchitis are associated with exposure of smoke, PAHs and TSP m kitchens (Smith 2000b). 
Investigations have also indicated a regression in the pulmonary function among the 
population exposed to domestic fuels (Behera 1997). In addition, the levels of re^irable 
particulate matter found in these fuels strongly support this conclusion as biomass fuel 
produced around 2000 ^g/m^ followed by other fuel levels previously published 
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(Balakrishnan et al. 2002; EUegard 1996; World Bank 2002). Thus these toxic elements 
produced by biofiiels are casually linked to several health effects in women and children. 
The exposure estimates ddived in the study are currently being used for deriving 
exposure-response relationships betwe"^ re^ir^ble p^iculates and biological effects, which 
would explore the fiirther chapters. Exposure-response relationship for PMio and acute 
respiratory infection in biomass in Kenyan households has been recently reported (E2zati and 
Kammen, 2001). Further, the biological tool to interpret the profound effect to particulate 
exposure would give an early signal of inflammatory responses and disease development. 
This newly emerging relationship will allow considerable refinements to earlier calcxilations 
of the burden of disease and epidemiological measurements, which has been demonstrated in 
forthcoming chapters. It may be suggested that the prevalence of clinical symptoms, chronic 
bronchitis, TB and impaured pulihonary fiuiction in the woman population in rural parts, as 
well as in many urban parts also, could be reduced substantially if not prevented, by lowering 
the exposure to cooking smoke from biomass fuels. Perhaps the most prominent long-run 
policy implication would be that government should promote a shift from biomass fuels to 
cleaner fuels, which would also have significant benefits reducing ophthalmic, respiratory, 
cardiovascular, and prenatal problems of the population. Moreover, in the present 
infrastructure and fuel availability, neither the government nor the private sector is in 
position to provide all households with cleaner fuels. Thus, a more feasible policy for the 
near future would be to educate pwple regarding the adverse health effects of cooking smoke 
exposure to improve the cooking stoves and make available inexpensive biomass burning 
stoves that are fuel efficient and less smoky. 
Chapter 3 
DNA Damage & Cancer 
Susceptibility of Indian Women 
Cooking with Biofuels 
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INTRODUCTION 
India is the second largest consumer of biomass fuels or biofuels in Asia and 
uses more animal waste as fuel than any other country (Streets and Waldhoff, 1998). In rural 
India, nearly 90% of primary energy is generated by burning biomass fuels (wood, 56%; crop 
residues, 16%; dung, 21%) (TEDDY, 1998), and the remainder is provided by kerosene 
stoves and liquefied petroleum gas (LPG). Biofuels, with their low combustion efficiency, 
are high emitters of indoor air pollutants. They have been identified as causal agents for 
several respiratory diseases and other adverse health effects, particularly among women and 
young children (Biuce et al., 2000). Combustion of biomass fuels produces various noxious 
gases and toxic substances, includmg respirable particulates; carbon monoxide and nitrogen 
oxides; and compounds such as polyaromatic hydrocarbons (PAHs), benzene, and aldehydes 
(Balakrishnan et al, 2002; Albalak et al, 1999; Ezzati et al, 2000; Smith et al, 1983; 
Raiyani et al, 1993; WHO, 1991). For example. Smith et al (1983) found that cooking with 
biofuels resulted in indoor air concentrations of nearly 4000 ng/m^ benzo(a)pyrene. 
Carcinogenic PAHs like benzo(a)pyrene can either be boimd to particulate matter (PM), 
whose concentration is high in biofuels (Balakrishnan et al, 2002), or be in a volatile form. 
These PAHs and PM are known carcinogens in both animal model and, in man, undergo 
initial cytosolic binding to an aryl hydrocarbon receptor, ligand-receptor complex binding to 
promoter sites and induction of carcinogen-metabolizing enzymes (Spivack et al 1997). One 
of the most sensitive biochemical responses in carcinogenic processes is considered to be the 
induction of specific cytochrome P450 (CYP 450) isozymes. 
Extracts of biofuel combustion products are mutagenic in Salmonella typhimurium 
(Bell and Kamens, 1990), and epidemiological studies have demonstrated an increase in the 
incidence of cancer in Chinese populations using biofuels (He et al, 1991; Zhou et al, 2000; 
Zhong et al, 1999; Mumford et al, 1987). Previous studies of the impact of biomass 
combustion air pollution on health in rural Indian villages (Balakrishnan et al, 2002; Smith 
et al, 1983; Behera and Jindal, 1991; Behera, 1997; Dutt et al, 1996; Mishra and 
Rutherford, 1997), however, mainly have dealt with non-cancer endpoints and the 
quantification of air pollutants. Given the high levels of pollutants produced by burning 
biomass fuels, the genotoxicity associated with their combustion products, and the increased 
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cancer incidence associated with exposiire to biofuel burning in other countries, we 
hypothesized that rural Indian woman who uses biofuels for cooking are at increased risk for 
accumulating DNA damage. 
Several studies have suggested that a low molecular weight protein (LMWP) specific 
for the lungs might serve as peripheral biomarkers of limg toxicity (Herman and Bemerd 
1996). Among them, Clara cell secretory protein (CC16; CCIO; CCSP) is the predominant 
product of the non-ciliated, non-mucous secretory cells lining the bronchial and bronchiolar 
epithelium and thus found in bronchoalveolar lavage fluid (BALF). Clara cells are 
particularly sensitive to toxic lung injury and they contain most of the lung cytochrome P450 
(CYP450), which gives them high xenobiotic metabolizing activity (Boyd, 1977; Bernard et 
al, 1992, 1992a). Several investigators have documented that acute exposure to pulmonary 
toxicants such as gases; particiilates, dust and carcinogens have the ability to cause a rapid 
destruction of Clara cells and elevated level of CCIO was found in different biological fluids 
including serum (Arsalane et al, 1999; Bernard et al, 1994; Branard and Lanwers 1995). By 
generating cytochrome P450 (CYP 450) monooxygenase enzyme profile, blood lymphocytes 
proAdde a sensitive and mechanistic based biomarker of PAHs exposures. Among CYP 450, 
CYPlAl play a central role in the bioactivation and inactivation of a wide variety of 
environmental toxic chemicals, xenobiotic and endogenous compounds (loannides 1990; 
Anttila et al 1992). The main substrates for and inducers of CYPlAl is polyaromatic 
hydrocarbons (PAHs) and induced activity of CYPlAl can be measured by assaymg ethoxy 
resorufin O- deethylase (EROD) activity (Lang et al 1996) and considered to be an indirect 
measure of the protein corresponding to the CYPlAl gene (Nebert and Gonzalez, 1987). 
However, treatment of experimental animals with carcinogenic aryl hydrocarbons is known 
to increase microsomal content of CYPlAl through the interaction with aryl hydrocarbon 
receptors (AhR). Pwhaps the best-studied class AhR regulated gene is those encoding 
CYP450 enzymes (Safe and Krishnan 1995). PAHs mducible AhR regulated CYPlAl and 
AHH enzymes are of particular interest since they oxidize PAHs to reactive intermediates 
capable of forming DNA adducts, inducing mutations and initiating malignant 
transformations (Kress and Greenlee 1997). 
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More recently, the vises of biomarkers in environmental toxicology and 
epidemiological research to estimate either exposure or resultant effects of chemical/ toxicant 
have received considerable attention. Blood lymphocyte, an easily accessible human 
specimen; proved to be useful tools for studying the impact effect of environmental 
xenobiotic exposure and identifying populations at higher risk. Assays measuring sister-
chromatid exchange (SCE), chromosomal aberrations (CAs), and micronuclei in peripheral 
blood lymphocytes are well established cytogenetic techniques that have been used 
extensively in human biomonitoring for assessing DNA damage at the chromosomal level 
(Hagmar et ai, 1994; Fenech, 1993; Carrano and Natarajan, 1988; Lando et al., 1998). In the 
present study, we have used the micronucleus (MN) and CA assays to assess the genotoxicity 
associated with the use of biomass cooking fuels. Briefly, micronuclei are acentric 
chromosome fi-agments or whole chromosomes left behind daring mitosis and appear in the 
cytoplasm of interphase cells as small additional nuclei (Fenech, 1993). CAs are detected as 
structural chromatid or chromosome-type aberrations, such as breaks and gaps within a 
chromosome (Carrano and Natarajan, 1988). In previous studies, MN induction and CAs 
have been extensively used as biomarkers of genotoxicity (Fenech, 1993; Michalska et al., 
1999) and for quantifying adverse human health effects, particularly cancer (Tucker and 
Preston, 1996; Hagmar et al., 1994). Further evidences also suggests that exposure to PAHs 
induces aryl hydrocarbon hydroxylase (AHH), which quantifies phenol metabolites of 
benzo(a)pyrene or other PAHs, often used as an index of carcinogen activating capacity. 
Yoshikawa et al (1994) also demonstrated that smokers had increased level of AHH activity 
and it can be viewed as well known marker for lung cancer. The inducibility of AHH is a 
good indicator of the induction of CYPIAI. Thus, the induction of CYPlAl and AHH 
activities have been selected as global biomarkers for numerous xenobiotic exposures 
particularly PAHs. Therefore, our present study focuses both cytogenetic and biochemical 
markers evaluating the rate of DNA damage and cancer risk susceptibility of biofuel exposed 
Indian population. 
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RESULTS 
Cytogenetic Assays 
The subjects involved in fliis study were of the same female subjects mentioned in the 
previous chapter, who thankfUIly gave their blood samples. The study population consisted of 
179 women who were divided into five categories based on the type of primary fuel used for 
the entire period of meals preparation, namely, cowdxmg (n=33), cowdung/wood (n=29), 
wood (n=28), kerosene (n=31) and LPG (n=58). LPG users were considered as the control 
subjects because of the relatively low level of pollutants generated by this fuel. Out of 179 
women, the majority consimied a typical vegetarian diet for its region; 52 were occasional 
non-vegetarians, consuming non-vegetarian food approximately once in 3-4 weeks. Among 
the non-vegetarians, 32 of were biofuel users (dung, dung/wood, wood), 2 used kerosene (not 
included in Table 3.1) and 18 used LPG. Smokers, individuals with occupational exposure to 
toxic substances or using any medications within two weeks of sampling were excluded firom 
this study. Also, subjects with chronic respiratory illness were excluded in order to avoid the 
confotmding effects of disease processes. This is also one of the reasons to pick the selected 
study subjects from 205 (used for clinical study) to 179 subjects. Further criteria were used to 
select the subjects is follows: The age of the subjects, the type of fuel used, the average time 
spent on cooking, and number of years of cooking with the fuel were determined through the 
use of a questionnau-e. The overwhelming majority cooked in enclosed (poor-ventilated) 
spaces, either in kitchens that were partitioned from the rest of the house or in separate 
structures. 
The MN assay using the cytokinesis-block method was carried out on peripheral 
blood lymphocytes from women using different cooking fuels. LPG users, who were used as 
a control population, had a mean MN frequency of 10.34+2.67 micronucleated cells/1000 
binucleated cells. In comparison, elevated MN frequencies were foimd in women burning 
cowdung for cooking (30.0(H:3.56, p<0.01), followed by cowdung/wood (26.21+ 3.14, p< 
0.05) and wood (22.85+ 4.02, p< 0.05) (Fig.3.1). Kerosene users were also found to have a 
slightly elevated MN frequency, but the increase was not statistically significant. The CA 
frequencies among the women using the various cooking fuels are given in Fig. 3,2. The 
trends for fuel use and CA frequency were similar to those observed for the MN data. When 
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compared with LPG users (3.10% aberrant cells), CA frequencies were significantly 
increased in women using cowdung (10.80%, p<0.01), followed by cowdung/wood (8.17%, 
p< 0.05) and wood (6.96%, p< 0.05). Kerosene users had a sfnall, but nonsignificant increase 
in CA frequency in comparison to LPG users. 
When the data were compared on the basis of dietary habits of the study population, 
no significant differences in MN and CA frequency were observed between vegetarians and 
occasional non-vegetarians (Table 3.1). The effects of subject age and the duration of 
cooking fuel use on MN and CA frequency are presented in Tables 3.2 and 3.3, respectively. 
For this analysis biofriel users (dung, dung/wood and wood) were pooled together in a single 
biofuel-exposed group and those cooking with kerosene were not considered. The overall age 
of the subject, years of exposure, and the fiiel type were found to have substantial effects on 
both CA and MN frequencies, with the highest frequencies found for biofriel users who were 
in the >30 years of age group and with >10 years of biofiiel use. 
The mean MN and CA fi^uencies in the biofiiel-exposed population were 
significantly greater than those frorn LPG-fiiel users. This was true for both age groups (< 
and >30 years of age). When the duration of exposure was considered, there was no 
significant effect of age for both the biofuel and LPG groiqjs exposed 510 years. For those 
exposed >10 years, age influenced both the MN and CA frequencies of biofiiel users, while 
age affected only the MN frequency for LPG users. In the <30 years of age group, exposure 
to biofiiels for more than 6 years resulted m a significant increase in MN frequency, whereas 
the CA frequency was significantly increased only when the duration of exposure was >10 
years. 
Although not always significant, generally increasing frequencies of MN and CA 
were observed with increasing durations of exposure to both biofiiels and LPG, with the 
effect being more pronounced for users of biofiiels than for LPG users. 
Biochemical Assays 
The study population was same as that of cytogenetic analysis but minimum number 
was used because of matched age, food habits and other physical parameters shovra in table-
3.4, with matched socio-economic conditions. Like cytogenetic assay, they are divided in to 
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5 categories based on the type of primary fuel used for the entire period of meals preparation, 
namely, cowdung (n=12), cowdung/wood (n=12), wood (n=10), kerosene (n=12) and LPG 
(n=12). No individual had taken any medications for at least 2 weeks before the study. None 
was a habitual user of caffeine (from coffee, or soft drinks) or an active/ passive smoker (at 
least at indoor level), while because they induce/inhibit CYPl Al and AHH activities. 
The result of CYPlAl associated ethoxyresorufin-0- deethylase (EROD) activity in 
blood lymphocytes from 58 Indian women using different cooking fuels are siunmarized in 
fig. 3.5. The fold of induction was higher in cow dung (2.40, p<0.01) and cowdung/ wood 
users (2.08, p<0.01). In wood fuel smoke exposed population also found significant 
induction of EROD (1.55 fold, p< 0.05) over LPG users. This CYPlAl induction pattern was 
further correlates with our western blot analysis done with lymphocyte homogenate of 
various cooking fuel exposed population (Fig. 3.6). The similar trend of induction pattern 
was seen on membrane and CYPlAl was enriched on cow dung and cow dung/ wood users 
blood lymphocytes over LPG users. 
The aryl hydrocarbon hydroxylase activities (AHH) in blood lymphocyte of women 
using various cooking fuels are given in fig. 3.7. The trends for fuel use and induction were 
similar to those observed for the western blot and EROD analysis. When compared with LPG 
users (0.15+ 0.018 pmol 10^  cells"'), the magnitude of induction being 2.53 fold and 2 fold 
(p<0.01 and p< 0.01) in cow dung, and cow dung/ wood users, respectively. Wood and 
kerosene users were found no significant induction of AHH activity in comparison to LPG 
users. 
SDS-PAGE analysis of serum CC16 showed a negative correlation with exposure of 
biofuels compared with the LPG users (Fig. 3.8). The CCIO protein intensity was identified 
on the basis of relative mobility of molecular weight compared with standard proteins in lane 
6. However, expression was lower and least expression of CC16 protem was found in 
cowdung users. The band intensity were increased in order to cowdung <cowdxmg/wood < 
wood < kerosene < LPG. The negative effect of serum CC16 found in our study is probably 
due to the effect of decrease in Clara cell numbers in the lung by toxic metabolites of PAHs 
present in the biofuels generated by the cytochrome P-450 system or else irritants present in 
biofuels itself. 
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Table 3.1. Micronucleus and Chromosomal Aberrations in Relation to Diet in 148 Indian Women 
Using Different Cooking Fuels 
Category 
Biofiiel-exposed 
(90) 
LPG- exposed 
(58) 
Micronucleus* 
Vegetarian 
(98) 
21.89+2.61 (58) 
10.66+1.99(40) 
Non- Vegetarian 
(50) 
22.11+2.17(32) 
11.09+2.11(18) 
Chromosomal Aberration** 
Vegetarian 
(98) 
7.96+0.98 (58) 
3.20+0.78 (40) 
Non- Vegetarian 
(50) 
9.01+0.86 (32) 
4.11+0.59(18) 
* Values are mean micronucleated cells/1000 binucleated cells + SD; ** Values are % cells 
with aberrations + SD; figures within parentheses indicate size of study population; women 
using cowdung, cowdung/wood and wood included in biofiiel-exposed group; kerosene users 
not included in analysis. 
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Table ZJL, Micronucleus Frequency in Relation to Age and Exposure Duration in 148 Indian 
Women Using Different Cooking Fuels* 
Exposure 
duration 
<5 years 
6-10 years 
>10 years 
<30 years of age 
Fuel type 
Biofuel-exposed 
(55) 
17.36+2.39(19)" 
22.00+2.44 (25)'^'' 
30.00+2.42 (ll)"-" 
LPG- exposed (34) 
9.23+1.32(13) 
10.90+2.01(11) 
12.00+1.99(10) 
>30 years of age 
Fuel type 
Biofuel-exposed (35) 
18.67+2.19(7)" 
25.00+2.43 (12)"''' 
36.87+2.01 (16)'-''•" 
LPG-exposed (24) 
10.00+1.98(5) 
12.50+2.01 (8) 
16.36+1.99(11)''''^ 
* Values are mean micronucleated cells/1000 binucleated cells + SD; figures within parentheses 
indicate size of study population; women using cowdung, cowdung/wood and wood included in 
biofuel-exposed group; kerosene users not included in analysis. 
* p < 0.01 compared to the corresponding LPG users in same age group (Exposure 
effects), 
p < 0.01 compared to the corresponding <5 years exposure group for each fiiel type 
and age category (Exposure duration effects). 
"^  p < 0.01 compared to the <30 years of age group of same duration of exposure to same 
type of fuel (Age effects). 
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Table 33. Chromosomal Aberrations in Relation to Age and Exposure Duration in 148 Indian 
Women Using Different Cooking Fuels* 
Exposure 
duration 
<5 years 
6-10 years 
>10 years 
<30 years of age 
Fuel type 
Biofuel-exposed(55) 
3.94+0.71 (19) 
6.88+0.81(25)" 
9.00+0.95(11)"''' 
LPG-exposed (34) 
2.30+0.88 (13) 
2.81+0.69(11) 
3.00+0.55 (10) 
>30 years of age 
Fuel type 
Biofuel-exposed (35) 
4.00+0.49 (7) 
8.91+0.81 (12)"-'' 
13.31+1.10(16)"'''''^ 
LPG-exposed (24) 
3.00+0.47 (5) 
3.62+0.61 (8) 
6.18+0.89(11) 
* Values are % cells with aberrations + SD; figures within parentheses indicate size of study 
population; women using cowdvmg, cowdung/wood and wood included in biofuel-exposed 
group; kerosene users not included in analysis. 
" p < 0.01 
^ p < 0.01 
' p < 0.01 
compared to the corresponding LPG users in same age group (Exposure 
effects). 
compared to the corresponding <5 years exposure group for each fuel type 
and age category (Exposure duration effects). 
compared to the <30 years of age group of similar duration of exposure to 
same type of fuel (Age effects). 
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Table. 3.4. Physical Characteristic of Study Population Used in Biochemical Assays. 
Category 
Sex-
Female (N) 
Age 
(X+SD) 
Tobacco chewing 
(%) 
Height (cm) 
(X+SD) 
Weight 
(X+SD) 
Smoking 
(%) 
Alcoholic 
(%) 
Cow dung 
12 
36.5+3.25 
7.1 
146.5 +3.9 
53.3ji4.5 
-
-
Cow dung/ 
wood 
12 
36.0+4.11 
6.6 
147.3+.4.2 
54.5 + 4.6 
-
-
Wood 
10 
35.8 + 2.99 
4.2 
145+.4.9 
53.6 + 5.1 
-
-
Kerosene 
12 
34.9+_3.01 
6.9 
148.51^5.1 
52.8+.4.21 
-
-
LPG 
12 
34.7+ 2.85 
3.9 
149.0+.4.5 
57.1+4.35 
-
-
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Fig. 3.1. Micronuclei (MN) induction in blood lymphocytes from 179 Indian women 
using different cooking fuels. The asterisks indicate data that differ significantly from 
the control (LPG) group *'p<0.01; 'p<0.05. 
Fig. 3.2. Chromosomal aberrations (CAs) in blood lymphocytes from 179 Indian women 
using different cooking fuels. The asterisks indicate data that differ significantly from 
the control (LPG) group **p<0.01; *p<0.05. 
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Fig. 3.3. Micronucleus (MN) in a binucleated lymphocyte from a biomass 
exposed individual. 
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Fig.3.4. Aberrant metaphase from a blood lymphocyte of a biomass exposed 
individual showing a chromosomal break and a chromatid break 
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Fig. 3.5. CYPlAl associated ethoxyresorufin-O-deethylase (EROD) induction in 
blood lymphocytes from 58 Indian women using different cooking fuels. The 
asterisks indicate data that differ significantly from the control (LPG) group. **?< 
0.01; *P< 0.05. 
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Fig. 3.6. Western blot analysis of CYPl Al protein expression in 
blood lymphocytes of individuals exposed to various cooking 
fuels. Lane 1-0.2 |ig protein of CYPl Al standard; lane 2-5, 5 \ig 
protein of lymphocyte homogenate samples from cowdung/ 
wood, wood, kerosene, LPG and Cowdung users, respectively. 
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Fig. 3.7. CYPlAl associated aryl hydrocarbon hydroxylase (AHH) induction in blood 
lymphocytes from 58 Indian women using different cooking fuels. The asterisks indicate 
data that differ significantly from the control (LPG) group. **P< 0.01. 
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Fig. 3.8. SDS-PAGE shows CCIO expression in serum of 
various cooking fuel exposed population. 
(A) cow dung (B) cowdung/ wood, (C) LPG, (D) 
Kerosene, (E) wood, (M) Marker 
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DISCUSSION 
The subjects involved in this study resided in a village nearby Lucknow City, India, 
and had similar socio-economic conditions. In our clinical examination studies, 205 female 
subjects were participated and to avoid the confounding effect we had used only 179 subjects 
for cytogenetic assay and 58 subjects for biochemical assays. LPG users of similar socio-
economic background were used as a control subjects. To minimize the inter variation, the 
age of the subjects, the type of fuel used, average time spent on cooking, and number of years 
of cooking with the fuel were determined through the use of a questionnaire and matched in 
each studies. Since its extrapolating the epidemiological perspective into biological effect, its 
highly necessitate to avoid the many confounding effects like respiratory illness, smoking 
habit, alcohol intake, age variation and diet variation due to the survey in different places. 
Because Smoking, non-vegetarian diets and alcohol intake increase DNA damage in 
lymphocytes (Betti et al., 1995). In the present study, the participants neither smoked nor 
drank alcohol and followed the same general dietary habits; the major dietary variable we 
identified that might affect the study was the consumption of occasional non-vegetarian 
meals. Further intake of caffeine (from coffee, or sofl drinks) or smoking habit might 
induce/inhibit CYPlAl and AHH activities (Spivack et al 1997), which further restrict the 
number of study subjects used in biochemical assays. Moreover finding large number of 
female subjects in same socio-economic condition made this low but sufficient number of 
study subjects. However, the number of subjects used were quite convincing with other 
human biomonitoring studies (Bolognesi et al, 1997b; Rahman et al, 2000; Yoshikawa et al., 
1994; Zhou et al., 2000; Burgaz et al 2002). 
The results of the present study indicate that biofuel use increased cytogenetic 
damage in human blood lymphocytes, as measured by both MN and CA tests (Fig. 3.1 and 
Fig.3.2). The increased frequencies of micronuclei and CAs are presumably due to exposure 
to smoke which is formed after incomplete combustion of biomass fuels and which are rich 
in several noxious gases, PAHs and PM that are known to be toxic (Raiyani et al., 1993; 
Smith, 2000; WHO, 1991; Balakrishnan et al., 2002; Behera et al., 1991; Behera and Jindal, 
1991). Our results indicate that the highest frequencies of both CAs and micronuclei were 
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found in women using cowdung for cooking fuel, followed by, in decreasing order, users of 
cowdung/wood, wood, kerosene and LPG. 
Epidemiological and environmental monitoring studies indicate that the combustion 
of biofuels releases large amounts of particulate air pollutants, especially PM2.5 and PMio, 
and PAHs, and exposure to these pollutants causes several respiratory disorders (Behera and 
Jindal, 1991; Behera, 1997; Dutt et al., 1996; Ellegard, 1996). Furthermore, Mandal and 
Mandal (2002) reported that biomass fuels generate higher levels of smoke and respirable 
airbome PM than kerosene or LPG. Smith et al. (1983) detected atmospheric PAH 
concentrations of 4000 ng/m^ during cooking with biofuels, and He et al. (1991) found an 
exposure-response relationship between PAH concentrations in indoor air and lung cancer. In 
studies comparing different biofuels, Raiyani et al. (1993) found that the burning of cowdimg 
produced the highest indoor PAH levels, and the levels decreased during burning of wood, 
kerosene, and LPG. Atmospheric PAHs are predominantly found attached to the respirable 
fraction of suspended PM, i.e., PM2.5 and PMio. A recent study performed in southern Indian 
households found that cooking with biofuels produced very high indoor air concentrations of 
respirable PM (500-2000 ng/m )^ and that cowdung burning produced the highest 
concentrations of PM, followed in order by wood/charcoal, kerosene, and LPG (Balakrishnan 
et al., 2002). This result agrees widi a growing body of scientific evidence indicating that 
households using cowdung have higher levels of respiratory PM than those burning wood or 
LPG (World Bank, 2001). 
Respirable airbome PM is cytotoxic and genotoxic for different cell systems 
(Homberg et al., 1998; Diociaiuti et al., 2001) and exposure of cultured human lymphocytes 
to PAHs increases the MN and SCE frequencies in a dose-dependent manner (Warshawsky 
et al., 1995). In addition, a number of biomonitoring studies indicate that occupational or 
environmental exposure to high levels of PAHs, air pollution and/or atmospheric PM results 
in DNA damage (Bender et al., 1988; Bolognesi et al., 1997 a & b; Michalska et al., 1999). 
In a study that measured the genotoxicity specifically associated with the combustion of 
biomass fuels, Bell and Kamens (1990) reported that extracts of particles generated from the 
burning of cowdung, crop residues and wood were mutagenic in the Salmonella typhimunum 
reversion assay. Thus, our finding of increased MN and CA frequencies in women using 
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biofuels for cooking is consistent with data indicating high levels of PAHs and PM in biofuel 
combustion products and data demonstrating the genotoxicity of PM and its associated 
PAHs. The CAs detected in the present study were mainly in the form of chromatid breaks 
(separate data not shown). This is consistent with the observation of Burgaz et al. (2002), 
who reported increased level of chromatid breaks in blood lymphocytes of traffic policemen, 
exposed to high 1^Q\ of PAHs and other gaseous pollutants. In addition, previous studies 
indicate that combustion of cowdung produces the highest levels of pollutants among all the 
biofuels, and we foimd the highest MN and CA frequencies for the women using cowdung as 
a cooking fuel. 
In the present study, womoi using LPG had a higher frequency of CAs than control 
subjects from other studies (e.g.. Testa et al, 2002; Mahata et al, 2003). The relatively high 
CA frequency among LPG users mi^t be due to the generation of PM and PAHs by LPG, 
albeit in lesser amounts than other cooking fuels (Balakrishnan et al, 2002; Raiyani et al, 
1993; Dennekamp et al, 2001), combined with the poorly ventilated cooking areas used by 
the study subjects. Moreover, recent studies suggest that LPG exposure is mutagenic and 
causes various health problans (Gao et al, 1994; Yin et al, 1998; Dick et al, 2001). Women 
without exposure to any cooking fuel are vray rare, however, which ^counts for employing 
LPG users as control subjects in this study. The main objective of the study was to evaluate 
the genotoxicity associated with using biofuels for cooking. In addition to the possible 
genotoxicity resulting from LPG, the relatively high CA frequencies in our control subjects 
may reflect differences in genetic susceptibility, exposure or lifestyle, including cultural 
patterns, in our study population. It is also possible that LPG users grew up in families that 
used biofuels before they themselves started cooking; this possibility was not evaluated in the 
study. 
In our study, kerosene users had slightly higher MN and CA frequencies than LPG 
users. Although these differences were not significant, we have previously demonstrated that 
exposure to kerosene and its soot causes several biochemical changes in tissues and 
cytotoxicity in rat alveolar macrophages (Arif et al, 1993). Kerosene soot and some of its 
associated PAHs are also mutagenic in Salmonella (Kaden et al, 1979). In a recent 
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investigation, we found that kerosene soot induces micronuclei in Syrian hamster embryo 
cells (Lohani et aL, 2000). 
Smoking, non-vegetarian diets and alcohol intake increase DNA damage in 
lymphocytes (Betti et aL, 1995). In the present study, the participants neither smoked nor 
drank alcohol and followed the same general dietary habits; the major dietary variable we 
identified that might affect the study was the consumption of occasional non-vegetarian 
meals. This later factor had no significant effect on MN or CA frequency in the study 
population. However, both subject age and the duration of exposure to cooking fuel 
combustion affected Nfl^  and CA firequencies in the present study. In general, MN 
frequencies appear to be modulated by endogenous or physiological factors related to aging 
and gender (Bonassi et aL, 2001). Previous studies have demonstrated a relatively strong 
effect of age on cytogenetic end points (Bolognesi et aL, 1997c; Bonassi et aL, 2001), with 
damage increasing as a function of age. In our study the older age group (>30 years old), 
with >10 years of exposure, showed significantly higher MN and CA firequencies than 
similarly exposed women of <30 years of age. This observation is consistent with the results 
of Bonassi et aL (2001) who found that MN firequency increases with age and observed a 
sharp increase in people over 40 years of age. 
In summary, the results of the present study indicate that women using biofuels for 
cooking have higher lymphocyte MN and CA frequencies than women using petroleiun-
based fuels for cooking, and that the highest MN and CA frequencies were found in the 
women using cowdimg for fuel. The relative frequencies of micronuclei and CAs associated 
with the use of the different fuels geno-ally correlated with the levels of PM and PAHs 
produced by burning the fuels. 
In our biochemical study, tiie induction of CYPlAl and AHH activity in blood 
lymphocytes of biomass exposed populations could be attributed to the exposure to smoke, 
which is formed after inconqilete combustion of biomass fuels, which is rich in several 
noxious gases, PAHs and particulate matter known to be toxic (Raiyani et aL, 1993; Smith, 
2000; WHO, 1991; Balakrishnan et aL, 2002). As has been shown, PAHs are highly 
carcinogenic and that the abihty to induce malignancy correlates with the expression and 
activity of the aryl hydrocarbon receptor/ transcription factor (AhR) (Kouri et al 1982). It is 
(Biofuefs dC Cancer Susceptibility 115 
also reported that exposure to PAHs induces the transcriptional activation of CYPl AlmRNA 
in blood lyn^hocytes (Spivack et al 1997). The mechanism by which PAHs, 
transcriptionally activate the CYPlAl gene involves the binding of ligand to Ah-receptor, 
leads to the dissociation of Hsp 90 and followed by the binding of ligand-AhR complex 
translocates to the nucleus, where it forms a heterodimer with the AhR nuclear translocator 
(ARNT). The resulting ternary complex then binds to xenobiotic responsive elements (XRE) 
in the 5'-flanking region of the CYPlAl gene, with subsequent initiation of transcription 
(Hankinson, 1995; Xing-mei and Hong-Hao, 2000). Although the induction of CYPlAl 
represents only a small fraction of the overall CYP-dependent xenobiotics metabolism, but it 
plays an important role in toxicity, mutagenicity, teratogenicity and carcinogenicity of 
environmental chemicals (Nebert 1989). However, many studies that are directly linked to 
indoor air pollution and cancer risk among biofuel exposed (He et al., 1991; Zhou et al., 
2000; Zhong et al, 1999; Mumford et al., 1987). There is compelling evidences for a major 
role of CYPlAl in carcinogenesis by many PAHs induces bronchogenic carcinoma, is 
associated with high activity of AHH in blood lymphocyte (Kouri et al, 1982; Kellermann et 
al., 1973). Moreover, AHH is inducible in pulmonary alveolar macrophages (PAMs) and 
blood lymphocytes after exposure to cigarette smoke and numerous PAHs have also been 
documented and seen as a well known marker for Ixmg cancer (Yoshikawa et al 1994; Mc 
Lemore et al 1978; Busbee et al, 1972). 
As evident from the results, the maximimi induction of CYPlAl and AHH were 
found in the cow dimg users followed by cowdung plus wood, wood and kerosene. Our 
earlier studies shown that exposure to kerosene and its soot also cause several biochemical 
changes in tissues, which may leads to various cardiopulmonary disorders (Arif et al, 1991; 
Nao and Illnait 1987). Though the mechanism of soot toxicity is still not well understood, but 
our previous studies have also shown that soot exposure may cause induction of CYP450 
destabilization of puhnonary monoxygenase system (Arif e/ al, 1994). 
The pulmonary cell types in bronchiolar region possess a variety of enzymes 
including CYP450 monoxygenases. Clara cells showing the highest rate of CYP450 content, 
which metabolize the airborne xenobiotics (Plopper et al 1992; Anzenbacher and 
Anzenbacherova, 2001). Moreover, they are important target for many toxicants, which 
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require bioactivation via the CYP450 system. Several studies have highlighted the risks of 
toxic or carcinogenic response following exposure to pollutants/toxicants that are strongly 
correlated with Clara cells and their CYP450 content (Buckpitt et al. 1992). In our studies 
increased expression of CYPl Al were found in cowdung user and this negatively correlates 
with CC16 expression. This decrease correlates with concentration and exposures of 
pollutants present in the individual fuels. The exact mechanism by which biofuels produces a 
decrease of Clara cell number is still unknown. As biofuels contain number of potential 
PAHs and PM, some of them might be activated in reactive species by the cytochrome P450-
dependent monooxygenases that are very active in Clara cells. Other compounds of biofuel 
smoke might also directly damage the surface of Clara cells, known to be very sensitive to 
membrane reactive toxins such as ozone (Suzuki et al 1992). The exact mechanism by which 
limg CC16 reaches plasma has not yet been clearly determined. The most plausible 
explanation is that of a passive diffusion through the bronchoalveolar-blood barrier (Hermans 
and Bemard, 1996). In this context, the lower availability of CC16 in the airway of biofuel 
users probably increases their susceptibiUty to alveolar inflammation and might, therefore, be 
considered as an unfavorable prognostic factor. 
It is apparent from our results that the exposure of PAHs and PM from different 
category of biofuels strongly correlates with increased activity of AHH, CYPlAl and 
decreased expression of CC16. The CCIO protein expression increased in order to cowdung 
<cowdimg/wood < wood < kerosene < LPG. The negative effect of serum CC16 found in our 
study with biofuel exposure is probably due to the effect of decrease in Clara cell numbers in 
the lung by toxic metabolites of PAHs present in the biofuels generated by the cytochrome P-
450 system or else irritants present in biofuels itself (Suzuki et al, 1992). For instance, the 
concentrations of sCC16 are significantly reduced by tobacco smoking, a situation in which 
the number of Clara cells and the CC16 secretion in airways are known to be diminished 
(Bemard et al, 1994 a,b; Bemard et al, 1992; Shijubo et al, 1997; Lumsden et al, 1984). 
However this preliminary study does not deal with the exact quantification and it gives only 
the overall idea of the changes in CC16 expression level. So its required detailed method for 
quantification for further correlations and applicability of this biomarker. 
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The resiilts of the present study demonstrate the usefulness of these 
cytogenetic and biochemical biomarkers at the field level for the early detection of potential 
adverse hiunan health effects of PAHs and PM exposed populations. The data suggest that 
limiting the exposure to cooking smoke from biomass fuels may reduce genetic damage in 
rural, and probably urban women. 
Chapter 4 
Biochemical & Cytogenetic 
Markers in Biomonitoring of 
Particulate Exposed Populations: 
An Epidemiological Perspective 
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INTRODUCTION 
Asbestos has been known for long to act as carcinogen and as well as co-carcinogen, 
whose prolonged exposure causes progressive pulmonary fibrosis (asbestosis), pleural 
diseases (effusion and plaques) and malignancies, mesothelioma and bronchogenic 
carcinoma (Rahman et al 1993; Mossman et al 1996; Rahman and Athar, 1994). But it takes 
long latency period of 20-37 years for disease progression (Phoon, 2000). Air pollution 
levels of asbestos were reported to be elevated in the areas surrounded by asbestos industries 
(WHO, 1998; IPCS, 1998). In addition, peoples living in the vicinity of asbestos mines and 
asbestos-related industries may be exposed to higher levels of asbestos fibres (Case and 
Sebastien, 1987). It is suggested that low-dose exposure to asbestos at home or general 
environment (non-occupational) as well as occupational environment carry measurable risk 
of lung burden and serious limg diseases (Rahman et al 1993; Magnani et al 2000). In the 
natural condition of workplaces and environment, the populations are exposed to multiple of 
chemical and physical toxicants either occupationally or domestically. Several 
epidemiological and experimental studies have proven that the presence of some other 
predisposing factors like exposure to cigarette smoke, kerosene soot and biofuels exposure at 
indoor levels would accelerate the asbestos induced disease processes. 
The greatest exposiu-e to air pollutants occurs indoors in rural locations of developing 
countries where agriculture is dominant and biomass fuels are the main source of 
combustion. In India, air pollution tends to be highest indoors, where biomass fuels such as 
animal dung, wood, crop residues and grasses are burned with or without help of kerosene 
oil in many households for cooking and heating purposes. Combustion of biomass fuel 
produces various noxious gases and toxic carcinogenic substances, which includes carbon 
monoxide, oxides of siilfur and nitrogen, poly aromatic hydrocarbons such as 
b«i2o(a)pyrene, aldehydes such as formaldehyde as well as other carcinogens and potential 
irritants (Raiyani et al., 1993; WHO, 1992). Further, Smith et al (1983) found that these are 
the bulk source of polyaromatic hydrocarbons (PAHs), especially benzo(a) pyrene, and the 
average benzo(a)pyrene exposure during cooking period was nearly 4000 ng/m^. This is an 
extremely high concentration by global standards. Asbestos fibre are found to facilitate the 
uptake and retention of benzo(a)pyrene and other PAHs into the hamster tracheal epithelial 
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cells (Mc Fadden et al 1986 a,b) resulting in an enhanced damage and carcinogenesis. As 
biofuels are the bulk source of PAHs, it's also expected that those asbestos exposed subjects, 
who have also exposed to these toxic fuels at indoor level would have been more vulnerable 
to these toxic manifestations. The expected mechanism could be the PAHs present in 
biofuels may also affect the penetration and retention of asbestos fibre from the lung tissue 
providing asbestos fibre more time to stay in the lung, resulting enhanced pulmonary 
inflammatory reactions. Furthermore asbestos fibres may add to the absorption and retention 
of polynuclear aromatic hydrocarbon present in biofuels. 
Recent advances in our xmderstanding of fundamental processes in cell and molecular 
based approach provide new practical tools for field investigation aimed at the assessment of 
the impact effects associated with exposure to enviroimaental pollutants. It is now feasible to 
supplement measurements of disease incidence or mortality in populations (the usual end 
points of classical epidemiology) with measurements in individuals of molecular biomarkers 
which reflect biologically important steps in the pathogenesis process, thus permitting the 
dissociation of some of the confounding factors which weaken the classical epidemiological 
approach and achieving the detection of lower levels of risks using smaller study 
populations. In recent years molecular epidemiology has emerged as a promising and 
challenging field, in evaluating occupational and environmental exposure to mutagens and 
carcinogens as associated risks. Whereas epidemiology is the study of the distribution and 
determinants of health-related states and events in population, and the application of the 
results in this study to control health problems; molecxilar epidemiology attempts to merge 
the sophisticated and highly sensitive laboratory methods including measurements up to 
molecular level using new techniques into epidemiological research (Sram and Binkova, 
2000). 
The maximum of the studies conducted so for have shown that besides diagnosing the 
disease conditions accurately and timely for amelioration, molecular epidemiology may also 
be helpful in early detection of vulnerability and hence can be used as a tool for prevention 
(Manson and Carr, 2003; Vainio, 1999). Molecular epidemiology uses specific designed 
probes/biomarkers rather than disease symptoms to assess the risk of environmental and 
occupational exposure (de Meeus, 2004; Hrelia et al, 2003). The potential of these 
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biomarkers as iiseful predictive tools begin with exposure, and include absorption, 
metabolism, distribution, critical target interaction (i.e., DNA damage and repair), genetic 
changes, and finally, disease, the stage at which the traditional epidemiology takes over. 
Some of the biomarkers generally used for evaluating genetic disturbances and cancer risk 
(Tucker and Preston, 1996; Fanner et al 2003) are also used in this study like micronuclei 
(MN), chromosomal aberrations (CAs) and cytochrome P450 lAl (CYPlAl) in blood 
lymphocytes of particulates exposed populations. 
So, this chapter addresses the monitoring of epidemiological and inflammatory events 
involved in population exposed to asbestos with co-exposure of biomass fuels at indoor level. 
The study will also comprises the DNA damage and early susceptibility to lung cancer risk 
by using well designed cytogenetic and biochemical biomarkers like Micronuclei, 
Chromosomal aberration, and Cytochrome P450 lAl in blood lymphocytes of particulates 
exposed Indian population. 
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RESULTS 
Air monitoring for asbestos & ottier indoor air particulates 
The distribution of asbestos monitoring in non-occupational environment and 
particulates (Total suspended Particulates (TSP) and PMio) monitoring results are 
summarized in Tabel-4.1. As seen in previous chapter asbestos present in ambient air is 
decreased with increasing distance from the factory. But all the sampling location (0, 1, 2, 
and 5 Km) showed below the permissible limit of asbestos in Indian standard. The highest 
were present nearby factory as 0.084 fiber/ cc and personal samples were found to be lesser 
than ambient monitoring. But indoor particulates were found to be higher than permissible 
level and biofuel alone and co-exposed category showed higher level of TSP and PMio.The 
LPG alone and asbestos co-exposed group showed an average range of81-84^g/m^ofTSP 
and 69-70 jig/ m^  PMio, whereas biofuel alone/ asbestos co-exposed group ranged between 
1200-1225 ng/m^ of TSP and 477-481 ^ g/ m^  PMio. 
Pulmonary function test 
The pulmonary function of overall population was shown in Table-4.3. Among 
particulate exposed subjects, 25 % had ventilatory abnormalities. Among the maximum of 
them had obstruction (12.5 %) and the least was mixed impairment (5.0 %). Percent of 
obstruction were higher in biofuel exposed group (25 %) followed by asbestos + biofuel (10 
%), LPG (10 %) and asbestos + LPG (5 %) groups. As described in previous chapter, this 
might be due to the exposure of particulates from cooking fuels. Restrictive impairment was 
higher in asbestos plus biofuels co-exposed subjects compared with cooking fuel alone 
exposed subjects. 
Radiological examinations & Sputum analysis 
Fig;ure-4.1 shows the distribution of tuberculosis (TB), chronic bronchitis and 
asbestos body (AB) in over all study subjects exposed to asbestos and cooking fuel smoke, 
non-occupationally. Tuberculosis were suspected on the basis of radiological examination 
and further confirmed by the presence of acid-fast bacilli in sputum samples. TB was found 
only in biofuel and asbestos + biofuel co-exposed subjects and asbestos exposiu-e have not 
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shown any direct correlation with TB. Asbestos body (fig 4.13) were present in 5% of 
subjects belongs to asbestos + biofuel co-exposed group and others were found to be absent; 
this lesser outcome might be due to the small number of study subjects and low level of 
exposure. Chronic bronchitis were suspected on the basis of questionnaire and confirmed by 
radiological examination. As shown in figure 4.1, prevalence of chronic bronchitis in over all 
subjects was higher in asbestos + biofuels and biofuels exposed subjects (10 %). This effect 
might also be due to the exposure of biofiiels and not due to the asbestos exposure. 
Differential cell counting in NAL 
Data on the percentage of different cells in nasal secretions of asbestos and cooking 
fuel smoke exposed subjects are summarized in Table 4.4. A positive correlation existed 
between the percentage of different cell types and the particulate exposures. Neutrophil 
content were significantly higher in biofuels (p< 0.05) and asbestos + biofuels (p < 0.05) 
exposed subjects. Eosinophil counts have not shown any direct correlation with particulate 
exposure. Increased number of macrophage and lymphocyte were foimd and induction was 
significant in asbestos + biofiiel exposed subjects. Total inflammatory tune is in consequence 
with magnitude and type of particulate exposure. LPG exposed subjects shown minimum 
induction of 55 % and the maximimi were found in asbestos + biofuel exposed subjects (65 
%). Asbestos exposure have also shown significant elevation of inflammatory cells when 
combined with biofuels co-exposure, this was statistically non-significant with co-exposure 
with LPG. 
Cytogenetic assay 
In cytogenetic assay, MN assay using cytokinesis-block method and chromosomal 
aberration (CA) assay were carried out on peripheral blood lymphocytes from women 
exposed to asbestos and cooking fiiels smoke, non-occupationally. Results were compared 
with LPG users and effect of asbestos were ascertained using statistical comparison with 
biofiiel users verses asbestos + biofiiels co-exposed subjects, vice versa. In comparison, 
elevated MN firequencies were found in women, who have exposed to asbestos+ biofiiels (p< 
0.05) followed by biofiiel users (p< 0.05) (Fig. 4.2). Asbestos + LPG exposed subjects were 
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also found to have a slightly elevated MN frequency, but the increase was not statistically 
significant. The CA frequencies among the women exposed to asbestos and cooking fuels 
smoke, non-occupationally are given in Fig. 4.4. The trends for particulate exposure and CA 
frequency were similar to those observed for the MN data. When compared with LPG users 
(2.65% aberrant cells), CA frequencies were significantly increased in women exposed 
asbestos + biofuel (p<0.05), followed by biofiiels (7.00 %, p< 0.05). Like MN assay, asbestos 
+ LPG exposed subjects had a small, but nonsignificant increase in CA frequency in 
comparison to LPG users. 
The effects of subject age and the duration of particulate exposure on MN and CA 
frequency are presented in Figures 4.5 and 4.6, respectively. The overall age of the subject, 
years of exposure, and the type of particulates were found to have substantial effects on both 
CA and MN frequencies, with the highest frequencies found in asbestos + biofuel exposed 
subjects who were in the >30 years of age group and with >10 years of exposure. 
The mean MN and CA frequencies in the asbestos + biofuel-exposed population were 
significantly greater than those from LPG-fuel users. This was true for both age groups (< 
and >30 years of age) of both asbestos + biofuel and biofuel exposed subjects. The effect of 
asbestos were also substantially higher in both asbestos + biofuel and asbestos + LPG 
exposed subjects, when compared with biofuels and LPG users, respectively. The induction 
effect was significant with asbestos + biofuel subjects of both the ages exposed to more than 
6 years and > 30 year age of asbestos + LPG exposed subjects. This might be due to the 
combined effect of asbestos with particulates present in biofuels. In <30 year age group of 
asbestos + LPG found no significant effect, this might be due to the low magnitude of 
asbestos exposure in the non-occupational environment. When the duration of exposure was 
considered, asbestos exposure had no significant effect with less than 10 year of exposure 
duration except > 30 year age of asbestos + LPG exposed subjects, particularly for MN. For 
those exposed >10 years, age influenced both the MN and CA frequencies of asbestos + 
biofuel exposed subjects, while age affected the MN frequency start from 6 years and over 
significantly except asbestos + LPG and LPG group. In the CA frequency the age effect 
where only significant with > 30 year age of more than 10 year exposure of asbestos + LPG 
exposed subjects. Although not always significant, generally increasing frequencies of MN 
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and CA were observed with increasing durations of exposure to both biofuels and LPG, with 
the effect being more pronounced asbestos + biofuels exposed subjects than others. 
Biochemical assay 
In biochemical assay, the resuU of CYPlAl associated ethoxyresorufm-0- deethylase 
(EROD) activity in blood lymphocytes from Indian women exposed to asbestos and cooking 
fuels smoke, non-occupationally are summarized in fig. 4.9. The induction pattern was in 
consequence with the magnitude of exposure and nature of pollutants been exposed. The fold 
of induction was significant in asbestos + biofuels (2.56 fold, p<0.05) and biofuel smoke (2.1 
fold, p<0.01) exposed subjects. Asbestos + LPG exposed subjects were also found to have a 
slightly induced level of EROD, but the increase was not statistically significant. Asbestos + 
biofuels co-exposure induction were also found significant when compared with asbestos + 
LPG category but this was not foimd in LPG co-exposed group compared with LPG alone, 
might express the combined effect of asbestos with particulates present in the biofuels causes 
more deleterious effect. This CYPlAl induction pattern was further correlates with our 
western blot analysis done with lymphocyte homogenate of asbestos and cooking fuels 
smoke exposed population (Fig. 4.10). The similar trend of induction pattem was seen on 
membrane and CYPlAl expression was higher in asbestos + biofuel and biofuel exposed 
subjects followed by asbestos + LPG and LPG exposed subjects. So this induction effect 
could be either because of particulate exposed from biofuels or combined effect of asbestos 
with particulates from biofuel or both. But asbestos alone exposure did not cause significant 
induction due to the low magnitude of exposure in non-occupational environment as seen 
from our air monitoring data (Table-4.1). 
The aryl hydrocarbon hydroxylase activities (AHH) in blood lymphocyte from Indian 
women exposed to asbestos and cooking fuels smoke, non-occupationally are given in fig. 
4.11. The trends for particulate exposure and induction were similar to those observed in the 
westem blot and EROD analysis. When compared with LPG users, the magnitude of 
induction bemg 2.53 fold and 2.13 fold (p<0.05 and p< 0.05) in asbestos + biofuel, and 
biofuel exposed subjects, respectively. Asbestos exposure were also found significant only 
with biofuel co-exposure but not with LPG. 
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SDS-PAGE analysis of serum CC16 showed an increased expression with asbestos 
exposure and a negative correlation with exposure to cooking fuels smoke (Fig. 4.12). 
However, expression was lower and least expression of CC16 protein was found in biofuel 
users. The negative effect of serum CC16 found in our study is probably due to the effect of 
decrease in Clara cell numbers in the lung by toxic metabolites of PAHs present in the 
biofuels generated by the cytochrome P-450 system or else irritants present in biofuels itself 
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Table.4.1. Air monitoring for asbestos and other indoor air particulates 
Sampling 
site 
OKm 
I K m 
2Km 
5Km 
Asbestos Monitoring' 
Mean fibre/ cc 
Personal 
0.077+0.014 
0.061+ 0.019 
0.053+ 0.009 
0.021+0.012 
Ambient 
0.084+0.011 
0.070+0.016 
0.059+0.013 
0.029+0.010 
Indoor Monitoring ** 
Mean fig/nt 
TSP 
84+10.8 
81+9.3 
1200+110 
1225 + 121 
PM,o 
70 + 11.3 
69 + 12.1 
481+61 
477 + 49.2 
Particulate 
Type 
LPG 
Asbestos+ 
LPG 
Biofuels 
Asbestos + 
Biofuels 
* - Average of seven samples mean + SD 
''- 24 hr average exposure concentration in ng/ m' + SD 
TSP- Total Suspended Particulate 
PMio- Particulate < 10 micron 
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Table. 4.2. Physical characteristics of study population 
Category 
Sex-
Female (N) 
Age 
(X+SD) 
Exposure Year 
(N) 
< 5 year 
5-10 year 
> 10 year 
Tobacco 
chewing (%) 
Height (cm) 
(X+SD) 
Weight (Kg) 
(X+SD) 
Smoking (%) 
Alcoholic (%) 
Any other 
Occupational 
Exposure 
Asbestos + LP 
20 
34.9 ± 6.25 
<30 
yearag 
4 
4 
3 
>30 
yearag 
2 
4 
3 
10 
145.2 + 4.1 
52.9+4.3 
-
-
-
LPG 
20 
36.5 + 5.11 
<30 
yearag 
4 
5 
3 
>30 
yearag 
2 
3 
3 
10 
146.9 + 3.2 
53.6 + 6.2 
-
-
-
Biofuels 
20 
35.8 + 4.11 
<30 
yearag 
3 
5 
3 
>30 
year ag 
2 
4 
3 
20 
145+5.1 
52.6 + 5.1 
-
-
-
Asbestos+ 
Biofuels 
20 
36.2+.3.01 
<30 
yearag 
3 
4 
3 
>30 
year ag 
2 
4 
4 
15 
148.5+6.1 
51.9+6.31 
-
-
-
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Table 4»3. Prevalence of respiratory impairment with respect to asbestos and other 
particulate exposures 
Exposure No. of RESPIRATORY IMPAIRMENT NORMAL 
Obstructive Restrictive Mixed 
subjects No. % No. % No. % No. % 
LPG 20 2 10.0 - - - - 18 90.0 
Asbestos + 20 1 5.0 2 10.0 1 5.0 16 80.0 
LPG 
Biofuels 20 5 25.0 - - 1 5.0 14 70.0 
Asbestos + 20 2 10.0 4 20.0 2 10.0 11 55.0 
Biofuels 
Total 80 10 12.5 6 7.5 4 5.0 59 73.75 
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Biofuels 
Fig. 4.1. Radiological and Sputum analysis of particulate exposed Indian women, 
non-occupationally for the presence of Chronic bronchitis (CB), Acid-fast bacilli 
(TB) and Asbestos body (AB). Values in the parenthesis indicate the number of 
subjects diagnosed as TB, AB, CB, respectively 
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Fig. 4.2. Micronuclei (MN) induction in blood lymphocytes from Indian women after 
exposure to asbestos and domestic fuel smoke, non-occupationally. Values are mean MN/ 
1000 binucleated cells + SD. *p < 0.05 compared to LPG; " p < 0.05 compared to 
Asbestos + LPG. 
Fig.4.3. Micronucleus (MN) in a binucleated lymphocyte from a 
Asbestos exposed and biofuel co-exposed individual. 
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Fig. 4.4. Chromosomal Aberration (CAs) in blood lymphocytes from Indian women after 
exposure to asbestos and domestic fuel smoke, non-occupationally. Values are mean % 
aberration + SD. *p < 0.05 compared to LPG; ^ p < 0.05 compared to Asbestos + LPG. 
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Fig. 4.5. Micronucleus frequency in relation to age and exposure duration of asbestos and 
domestic fuel smoke exposed Indian women, non-occupationally. Values are mean 
micronucleated cells/ 1000 binucleated cells + SD. 
^p < 0.05 compared as- LPG Vs Biofuels; Asbestos-i- LPG Vs Asbestos+ Biofuels 
(Fuel smoke exposure effect) 
''p < 0.05 compared as- LPG Vs Asbestos+ LPG; Biofuels Vs Asbestos+ Biofuels 
(Asbestos exposure effect) 
'^  p < 0.05 compared to the correspondence < 5 years exposure of each particulate exposed 
group and age category (Exposure duration effect) 
p < 0.05 compared to < 30 year of age group of same duration of exposure to same 
particulate exposed group (Exposure duration effect) 
fiSu/ Particulate 'E?qjosures & ^iomarke-rs 135 
• >10year 
• 6-10 year 
• < 5 year 
<30 age l> 30 age <30 age |> 30 age I <30 age > 30 age <30 age > 30 age 
Asbestos + Biofuels Asbestos + LPG i LPG 
Biofuel 
Fig. 4,6. Chromosomal Aberrations (CAs) in relation to age and exposure duration of 
asbestos and domestic fuel smoke exposed Indian women, non-occupationally. Values are 
% cells with aberrations + SD. 
'p < 0.05 compared as- LPG Vs Biofuels; Asbestos+ LPG Vs Asbestos-i- Biofuels 
(Fuel smoke exposure effect) 
'p < 0.05 compared as- LPG Vs Asbestos-i- LPG; Biofuels Vs Asbestos-i- Biofuels 
(Asbestos exposure effect) 
p < 0.05 compared to the correspondence < 5 years exposure of each particulate exposed 
group and age category (Exposure duration effect) 
p < 0.05 compared to < 30 year of age group of same duration of exposure to same 
particulate exposed group (Exposure duration effect) 
\3h 
Fig.4.7. Micronucleus (MN) in a binucleated lymphocyte from a 
(a) Asbestos and LPG fuel co-exposed (b) Biofuel exposed 
individuals. 
1 3 ^ 
^CHROMATID 
BREAK 
Fig. 4.8. Aberrant metaphase from a asbestos and co-exposed with 
biofuel exposed individual showing a chromatid break 
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Fig. 4.9. CYPlAl associated ethoxyresorufin-O-deethylase (EROD) induction in 
blood lymphocyte from Indian women after exposure to asbestos and domestic fuel 
smoke, non-occupationally. *p < 0.05 compared to LPG; "p < 0.05 compared to 
Asbestos + LPG. 
I'l'^f 
Fig. 4.10. Western blot analysis of CYPlAl protein expression 
in blood lymphocytes of individuals exposed to different 
particulates. Lane 1-0.5 |jg protein of CYPlAl standard; lane 
2,3,4 and 5 are, 5 |ig protein of lymphocyte homogenate samples 
from LPG, Asbestos+Biofuels, Asbestos+LPG and Biofuel users, 
respectively. 
TiSre/ (Particulhte 'Exposures (^ (Biomar^rs 140 
0.5 
0.4 -
^ 0.3 -
u 
o 
§ 0.2 -
0.1 -
0 -
T 
LPG 
T 
Asbes+LPG 
• 
I 
m 
i 
Biofuel 
1 
1^ 
1 - 1 
Asbes+Biofuel 
Fig. 4.11. CYPlAl associated aryl hydrocarbon hydroxylase (AHH) induction in 
blood lymphocyte from Indian women after exposure to asbestos and domestic fuel 
smoke, non-occupationally. *p < 0.05 compared to LPG; p^ < 0.05 compared to 
Asbestos + LPG. 
I^\ 
CCIO 
Fig.4.12. SDS-PAGE shows CCIO expression in serum of 
individuals exposed to different particulates. 
(A) Biofuels, (B) LPG (C) Asbestos+ LPG, (D) Asbestos + 
Biofuels, (M) Marker 
\H^ 
Fig. 4.13. A picture of an "asbestos-body" from sputum sample of 
an individual exposed to asbestos non-occupationally. 
TiSre/(Particulate 'Exposures dt, (Biomar^rs 143 
DISCUSSION 
Air pollution levels of asbestos were reported to be elevated in the areas surroimded 
by asbestos industries (WHO, 1998; IPCS, 1998). In addition, peoples living in the vicinity 
of asbestos mines and asbestos-related industries may be exposed to higher levels of asbestos 
fibres (Case and Sebastien, 1987). It is suggested that low-dose exposure to asbestos at home 
or general environment (non-occupational) as well as occupational environment carry 
measurable risk of lung burden and serious lung diseases known as asbestosis, pleural and 
peritoneal mesothelioma and bronchiogenic carcinoma (Rahman, 1995; Mossman et al 
1996). Asbestos fiber in all the sampling sites around the asbestos-cement factory was found 
below the Indian standard value of 1 fiber/cc. But as shown in the previous chapter the low 
level of long term exposiires register bioaccumulation and biopersistance of chrysotile fibers 
in the environmental medium. Further, the non-occupational, environmental exposure of 
asbestos fibers causes serious health effects of population residing near by sources (Magnani 
ef a/., 1998; 2000). 
According to American Thoracic Society (ATS) the early detection of asbestos 
related diseases can be done on the basis of a reliable exposure history, respiratory 
symptomlogy (Dyspnoea, clubbing, ronchi), radiological findings, pulmonary function tests 
and sputum analysis for asbestos bodies, which is a hallmark of past asbestos exposure. 
Detection of asbestos bodies in sputum of exposed population also indicated exposure to 
asbestos. In our study though the presence of number of asbestos body was less but it 
confirms the exposure of asbestos with low exposure magnitude. Asbestos exposure was also 
substantiated by the presence of asbestos bodies in the exposed population (Rahman et al., 
2003). Individuals living in an area with a high concentration of asbestos in the native soil 
may also develop asbestos-related conditions: the disease does not need to be occupational. 
People living near asbestos mines and factories making or using asbestos products were 
exposed to high levels of released fibers. The variant of asbestos-related lung disease that 
develops depends upon the type and size of the inhaled particles and where they are located 
in the respiratory tract (Johansson et al 1987). Deep in the lungs, the asbestos fibers become 
coated with an iron material, hence the name "ferruginous" body (Fig 4.13). The coating is an 
iron-rich material derived from blood proteins such as ferritin and hemosiderin (Gross et al 
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1968). Hydrogen peroxide released by pulmonary macrophages may have some influence on 
the coating formation. The asbestos fiber and the iron-protein complex form a characteristic 
golden-brown colored "dumbbell" shape. Although other irritants such as quartz dust can 
also become coated with this iron-protein complex and form a similar shape, the straight 
fibers of amphibole asbestos are the most likely cause of all ferruginous bodies. The term 
asbestos body is often employed after the core has been properly identified. Larger particles 
are trapped in the tiny hair-like structures, called cilia, on the cells lining the nasal passages 
and large airways and then expelled by sneezing or coughing. Some of the particles trapped 
by the cilia are transported to the back of the throat and swallowed. Particles that reach the 
larger airways may also be coated with mucus and coughed up. Particles that travel deeper 
into the respiratory tract may be engulfed by scavenger cells called pulmonary macrophages 
and expelled firom the lungs by coughing. The smaller or thinner the particle, the less likely it 
is to be trapped by mucus or macrophages. These fibers will then travel deeper into the lungs. 
Deposition of fiber/dust particles in the lung is followed by a sequence of events, 
which start with change in the firee cell population, which includes pulmonary macrophages 
and polymorphonuclear inflammatory cells via their influx (Brady et al. 1981, Cohen, 1981, 
Warheit et al, 1984, Spurzem et al, 1987). This has been observed in our study that asbestos 
and co-exposure with biofiiel-exposed population were found to have increased inflammatory 
reaction in nasal passages. The published nasal lavage exposure studies have shown various 
inflammatory responses, depending on the concentration of pollutant exposed and the disease 
state of the subjects. Several studies have also shown that the significant induction of 
neutrophil occurs after chronic exposure of pollutants, while acute exposure may not good 
enough to induce inflammation in NAL (Folinsbee et al, 1994; Liu et al 1999). Moreover, 
Graham and Koren (1990) found a significant induction of inflammatory responses in nasal 
passages of healthy people exposed to Ozone. These mflammatory cells after stimulation 
with these foreign fiber/particles produce reactive oxygen species, reactive nitrogen species 
and growth factors (Cohen, 1981), which fiirther stimulates fibroblasts to produce collagen 
and cause fibrosis of lung. Thus, the fibers/particles act as initiator, promoter as well as co-
carcinogens acting in concert with the chemical carcinogens of cigarette smoke and causing 
lung cancers (Mossman, 1994). 
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Radiological examinations revealed that respiratory morbidity, namely chronic 
bronchitis and pulmonary tuberculosis were higher among asbestos exposed and biofuel co-
exposed subjects. But the result further explore that there is no direct correlation with 
asbestos exposure. So it is assumed that the elevated level of TB and chronic bronchitis 
might be the outcome of biofuel exposure as shown in previous chapters. This is in 
accordance with findings by Pandey (1984a & b), who reported prevalence of chronic 
bronchitis was higher among people exposed to domestic smoke with most of them having 
obstructive airway diseases. A strong association between biomass fuel exposure and 
increased prevalence of chronic bronchitis in women and acute respiratory infections in 
children has been docmnented by several reports (Bruce et al. 2000; Pandey 1984a, 1984b; 
Smith et al. 2000). Fimctional and radiological impairment have already been shown in 
women highly exposed to indoor biomass fuels (Behera et al. 2001; Ozbay et al. 2001). A 
recent report also reveals that the use of biomass fuels for household cooking substantially 
increases the risk of active tuberculosis in India (Mishra et al 1999). In asbestosis cases 
chest roentogram in patients iisually revealed small parenchymal opacities with a nodular 
and/or reticular pattern (Kamp and Weitzman, 1997). The interstitial process 
characteristically begins in the lower lung zone and is associated with bilateral mid-lung zone 
parietal pleural plaques. Pleural involvement is a hallmark of asbestos exposure that 
differentiates asbestos induced pulmonary disease from other interstitial lung disorders. 
Honeycombing and upper lobe involvement generally does not develop until the advanced 
stage of asbestosis (Kamp and Weitzman, 1997). In case of lung cancer the location of tumor 
and histology are the two important features in diagnosis of asbestos fiber effect. Nearly, 
two-thirds of cigarette smoke induced lung cancers originate in upper lobes (Byers et al, 
1984). In contrast, asbestos associated bronchogenic carcinomas are often located in lower 
lobes especially in fibrotic areas (Craighead et al, 1993; Raffin et al, 1993). Environmental 
exposure to tremolite has been shown to cause respiratory cancer, where smokers are found 
to be at nine fold higher risk as compared to exposed non-smokers (Luce et al., 2000). 
Asbestos is an established genotoxic agent that can induce DNA damage, gene 
transcription and protem expression important in modulating cell proliferation, cell death and 
inflammation (Kamp and Weitzman, 1999). Recent studies have proposed that various 
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pathogenic pathway of asbestos induced lung disease including (a) the chemical and 
stractural properties of the fibers (b) the lung fiber burden (c) fiber uptake by pulmonary 
epithelial cells (d) Iron catalyzed free radicals (e) DNA damage and cytokine/ growth factors 
and (g) cigarette smoke (Kamp and Weitzman, 1999; Mossman et al 1990). It is suggested 
that low-dose exposure to asbestos at home or general environment (non-occupational) as 
well as occupational environment carry measurable risk of lung burden and serious lung 
diseases known as asbestosis, pleural and peritoneal mesothelioma and bronchiogenic 
carcinoma. (Magnani et al 2000 & 1998). Several epidemiological and experimental studies 
have proven that the presence of some other predisposing factors like exposure to cigarette 
smoke, kerosene soot and biofiiel exposure at indoor level would accelerate the asbestos 
induced disease progress. Combustion of biomass fuel produces various noxious gases and 
toxic carcinogenic substances, which includes carbon monoxide, oxides of sulfur and 
nitrogen, poly aromatic hydrocarbons such as benzo(a)pyrene, aldehydes such as 
formaldehyde as well as other carcinogens and potential irritants. In our genotoxic studies we 
found increased MN (fig. 4.3 & 4.7) and CA (fig. 4.8) frequencies in women exposed to 
asbestos and co-exposed with biofuels. The CAs detected in the present study was mainly in 
the form of chromatid breaks (fig. 4.8) (separate data not shown). This is consistent with the 
observation of Burgaz et al. (2002), who reported increased level of chromatid breaks in 
blood lymphocytes of traffic policemen, exposed to high level of PAHs and other gaseous 
pollutants. As has been shown earlier by us, this effect is also the consequence of asbestos 
exposure which also induces higher number of breaks and gaps (Fatma et al, 1991; Lohani, 
2001). In addition, previous chapters indicate that combustion of biofuels produces the 
highest levels of pollutants, and we found the highest MN and CA frequencies for the women 
usmg biofuel as a cooking fuel and exposure with asbestos. 
In the present study, women using LPG had a higher frequency of CAs than control 
subjects from other studies (e.g.. Testa et al, 2002; Mahata et al, 2003). The relatively high 
CA frequency among LPG users might be due to the generation of PM and PAHs by LPG, 
albeit in lesser amounts than other cooking fuels (Balakrishnan et al, 2002; Raiyani et al, 
1993; Dennekamp et al, 2001), combined with the poorly ventilated cooking areas used by 
the study subjects. Moreover, recent studies suggest that LPG exposure is mutagenic and 
TiBre/(Particulate (Exposures ^ (Biomar^rs 147 
causes various health problems (Gao et aL, 1994; Yin et ai, 1998; Dick et al., 2001). Women 
without exposxire to any cooking fuel are very rare, however, which accounts for employing 
LPG users as control subjects in this study. In addition to the possible genotoxicity resulting 
from LPG, the relatively high CA frequencies in our control subjects may reflect differences 
in genetic susceptibility, exposure or lifestyle, including cultural patterns, in our study 
population. It is also possible that LPG users grew up in families that used biofiiels before 
they themselves started cooking; this possibility was not evaluated in the study. Recent 
studies from our laboratory have also shown acceleration of asbestos induced pathogenecity 
in the presence of kerosene and its soot and cigarette smoke (Arif e/ al., 1994; Lohani et al., 
2000 & 2002). Co-exposure to asbestos and kerosene and its soot cause enhanced toxicity 
and oxidative stress (Arif e/ al, 1997). Besides, kerosene soot and cigarette smoke has also 
been reported to augment asbestos induced diseases (Kamp et al, 1998). It has already been 
established that kerosene and its soot cause several biochemical changes in tissues, which 
may leads to various cardiopulmonary disorders (Nao and lUnait 1987; Arif et al 1991). 
Though the mechanism of soot toxicity is still not well understood, but recent studies have 
shown that asbestos co exposure with soot may caxise increased cytotoxicity to rat alveolar 
macrophages (Arif e/ al 1994). Because asbestos fibres are found to facilitate the uptake and 
retention of benzo (a) pyrene and other poly aromatic hydrocarbon (PAHs), which are bulk 
source in biofriels, resulting in increased pathological effects. (Mc Fadden et al., 1986; 
Mossman and Landesman, 1983). Kerosene soot and some associated PAHs have already 
been proved to be mutagenic to salmonella typhimurium (Kadan et al 1979). In a recent 
investigation, we found that co-exposure of asbestos with kerosene soot enhances the 
induction of micronuclei through clastogenic activities (Lohani et al., 2000). Further, it has 
also been shown that smoking enhances the asbestos induced genotoxicity and that exposure 
makes genetic system of cells more vulnerable to the deleterious effect of asbestos (Lohani et 
al., 2002). This finding is parallel to earlier data that smoking accelerates the diseases 
mediated by the exposure of asbestos (Marsh et al., 2003). The presence of such PAHs may 
also effect the penetration and retention of asbestos fibres in the lung tissues, providing 
asbestos fibres more time to stay in the lung, results in enhanced pulmonary inflammations. 
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Both subject age and the duration of exposure to particulates exposure affected MN 
and CA frequencies in the present study. But it had no consequence with the magnitude of 
pollutants exposure. In general, MN frequencies appear to be modulated by endogenous or 
physiological factors related to aging and gender (Bonassi et al., 2001). Like previous 
chapters, studies have demonstrated a relatively strong effect of age on cytogenetic end 
points (Bolognesi ei al., 1997c; Bonassi et al., 2001), with damage increasing as a function of 
age. In our study the older group (>30 years old), with >10 years of exposure, showed 
significantly higher MN and CA firequencies than similarly exposed women of <30 years of 
age. This observation is consistent with the results of Bonassi et al. (2001) who found that 
MN frequency increases with age and observed a sharp increase in people over 40 years of 
age. 
Our biochemical study showed that the induction of CYPlAl and AHH activity in 
blood lymphocytes of asbestos exposed and biomass co-exposed populations. As has been 
shown, asbestos and co-exposure with kerosene soot alter the cytochrome drug metabolizing 
system drastically in rat {Aniet a/., 1994). The induction of cytochrome P450 as observed in 
asbestos exposure and biofuel co-exposure may be due to the stimulation of transcriptional 
regulatOTy elements of cytochrome P450 gene by asbestos mediated slow release of beam 
during the early stage of exposure (Rahman et al, 1990; 1997). The beam released may also 
involved in the generation of reactive oxygen species (Fontecave et al., 1987) through the 
Haber-Weiss, Fenton like reactions which catalyzes the oxidation of 6-hydroxy benzo (a) 
pyrene to a more mutagenic and carcinogenic radical (Graceffa and Weitzman, 1987) and 
thereby play an important role in the promotion of multistage process of chemical 
carcinogenesis (Kehrer, 2000; Trush and Kensler, 1991). Because crocidolite and chrysotile 
asbestos adsorb benzo (a) pyrene and acted as vehicle to increase both uptake of these 
lipophilic carcinogen and formation of DNA adducts in tracheal epithelial cells (Sesko et al, 
1990). So the above results suggest that combined effect of chrysotile and biofuels alters the 
metaboUc activity of lung by impairing drug-metabolizing enzymes and have been expressed 
in extra hepatic system. 
Clara cells showing the highest level of CYP450 content, which metabolize the 
airborne xenobiotics (Plopper et al. 1992; Anzenbacher and Anzenbacherova, 2001). From 
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the airways, CC16 passively diffiises into plasma across the bronchoalveolar-blood barrier 
(Hermans and Bernard, 1996). The main interest of CC16 stems from the fact that it occurs 
also in serum (sCC16) where it increasingly appears as a specific lung marker, reflecting the 
number of Clara cells and the integrity of the bronchoalveolar-blood barrier (Hermans and 
Bernard, 1996). Moreover, they are important target for many toxicants, which require 
bioactivation via the CYP450 system. Several studies have highlighted the risks of toxic or 
carcinogenic response following exposure to pollutants/toxicants that are strongly correlated 
with Clara cells and their CYP450 content (Buckpitt et al. 1992). In contrast to the CC16 
elevation in our asbestos exposed subjects, a significant decrease in serum CC16 has been 
reported in workers exposed to silica dust (Bernard et al., 1994a). In the case of silica 
exposure the decrease in CC16 was ascribed to damage the secretory cells in the bronchiolar 
tree, but the mechanisms accoimting for elevation in serum CC16 after asbestos exposure 
appear to be different. First there is a difference between the site of action of silica and that 
of asbestos (Wagner, 1997). Silica is deposited in the most distal airspace of the lung, 
damaging mainly alveolar lining cells. Asbestos, by contrast, acts more on the distal airway 
epithelial cells of the bronchi, which, as shown experimentally, may be stimulated to 
proliferate even after asbestos exposure (Quinlan et al 1995). It is also possible that epithelial 
secretory cells are stimulated to produce and or release CC16 by proinflammatory mediators 
such as cytokines, which may be induced in BAL cells by asbestos fibers or locally released 
by stimulated macrophages (Zhang et al., 1993; Broser et al., 1996). In addition to increased 
synthesis release by pulmonary epithelial cells, we found that asbestos exposure is assicaited 
with increased intravascular leakage of CC16, which results from damage to and thus 
enhanced permeability of the broncho/ alveolar blood barrier to lung and plasma proteins 
such as albumin. The conjugation of these two processes accounts for the observation that the 
elevation of CC16 is more apparent in serum. The negative effect of serum CC16 found in 
our study with biofuel exposure is probably due to the effect of decrease in Clara cell 
numbers in the lung by toxic metabolites of PAHs present m the biofuels generated by the 
cytochrome P-450 system or else irritants present in biofiiels itself (Suzuki et al, 1992). For 
instance, the concentrations of sCC16 are significantly reduced by tobacco smoking, a 
situation in which the number of Clara cells and the CC16 secretion in airways are known to 
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be diminished (Bernard et al., 1994 a & b; Bernard et ai, 1992; Shijubo et al., 1997; 
Lumsden et al., 1984). But in our study the exact quantification was not done, so its required 
detailed method for quantification for further correlations and applicability of this biomarker. 
In summary, low level of long-term exposure of particulates being released in the 
environment has triggered profoxind biological changes as a result of alteration in the 
structure or organization of DNA/ macromolecules, leading to serious health effects. These 
studies in blood lymphocytes of particulates exposed population provides new and reliable 
practical tool for human risk assessment studies in field level, which may over come the 
usual epidemiological end points like morbidity and mortality. Further, it indicates the 
deleterious nature of chrysotile, together with biomass influence the many inflammatory 
events which causes DNA damage and more vulnerable to the cancer risk. These biomarkers 
can be used at filed level for early detection of disease development and cancer 
susceptibility. 
Chapter 5 
Role of Predisposing Factor 
(Benzo(a)pyrene) in Chrysotile 
Mediated Pulmonary Toxicity 
& Its Attenuation by Dietary 
Antioxidant 
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INTRODUCTION 
The increased risk of developing a variety of lung diseases in asbestos exposed 
workers is a major health concern (Mossman et ah 1990, Mossman and Gee, 1989, Ohar et 
al. 2004). The epidemiological and biochemical changes induced by naturally occurring 
mineral fibres in relation to their occupational health hazard has been well-documented 
(Rahman et al. 1997, Khan et al. 1983 & 1984). The information available on the 
biochemical effects of asbestos with other predisposing factors such as smoking in relation to 
carcinogenesis is scare. The synergistic interaction of asbestos and poly aromatic 
hydrocarbons (PAHs) in the genesis of bronchogenic carcinoma has been reported 
extensively by both epidemiological and experimental studies (Selikoff e/ al. 1980, Meurman 
et al. 1979, Arif et al. 1992, Kamp et al. 1998). The combination of tobacco smoking and 
asbestos exposiire leads to an enormously high incidence of bronchogenic carcinoma 
(Selikoff and Lee, 1978). 
Benzo(a)pyrene (B(a)P) is a known carcinogen present in the workplace and 
environment (Shabad, 1997), which undergoes a metabolic activation to form reactive 
intermediates to cause mutagenic and carcinogenic effects in biological system (Buening et 
al. 1978; Gelboin 1980). It induces various tumors in tissues such as lung, mammary, skin 
and oesophages depending on the routes of administration (lARC, 1973). Earlier studies 
reported that, exposxire to bezo(a)pyrene coated asbestos resulted in increased intracellular 
uptake and retention of bezo(a)pyrene compared to benzo(a)pyrene given alone (Mossman et 
al. 1983). Actual mechanisms of such action are still obscure and it has been shown that 
asbestos fibre inhibits the activity of aryl hydrocarbon hydroxylase (AHH) and aminopyrene 
N-demethylase (Kandaswamy, et al. 1986). Earlier studies have suggested that chrysotile 
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alters the activities of phase I enzymes such as cytochrome P450, aryl hydrocarbon 
hydroxylase, epoxide hydrolase and phase II enzymes such as glutathione S-transferase 
(GST) in rat lung microsome (Arif et al. 1992, Arif et al. 1997). 
Extensive literatures are available regarding the medicinal uses and chemical 
composition of garlic. Previous work from our laboratory further supports that diallyl sulfide 
(DAS- a constituents of garlic) protect mesothelial cells against asbestos induced 
genotoxicity (Lohani et al. 2003). Garlic has been reported to have anti tumerogenic 
properties (Miller, 1996) and might inhibit a variety of chemically induced cancer, including 
those of breast (Schaffer et al. 1997), skin (Perchellet et al. 1990) and lung (Hun Xun and 
Sing 1997). Diallyl sulfide is an effective inhibitor of benzo(a)pyrene induced pulmonary 
neoplasia in mice (Wattenberg, 1983; Watemberg et al. 1989). 
Since pulmonary xenobiotic metaboUzing enzymes system is involved in overall 
metabolism of the carcinogens, any effect on the activity of these enzymes may change the 
metabolism of carcinogens present in the system fi-om either smoke or other environmental 
sources. Therefore, the present study deals with; 
• Chrysotile and B(a)P co-exposure, and its mechanism of metabolic disposition in rat 
lung. 
• Its impacts on drug metabolizing enzyme systems, microsomal lipid peroxidation and 
antioxidant levels. 
• Role of dietary supplementation of garlic in attenuation of chrysotile mediated 
toxicity. 
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RESULTS 
Rats lung CYP450 activities in different froups of rats were shown in figure 5.1. 
treated with chrysotile, plus B(a)P co-exposure showed remarkable elevation of CYP450 
activity at post exposure day 1 (p<0.05), 15 (p<0.001), 30 (p<0.001), 90 (p<0.001) and 180 
(p<0.001). However chrysotile alone treated rats showed significant induction at day 30 
(p<0.05), 90 (p<0.001) and day 180 (p<0.001). Rats post-fed with garlic when exposed to 
chrysotile plus B(a)P co-exposure showed a decrease in the activity of CYP450 at day 30 
(p<0.05), 90 (p<0.001) and 180 (p<0.001) as compared to those treated with chrysotile plus 
B(a)P co-exposed group. Rats treated with garlic alone showed significantly elevated 
CYP450 as compared to control at day 90 and 180. B(a)P alone treated group showed 
significant induction in CYP450 activity through out the post exposure period and the 
induction pattern was maximum (p<0.001) at early days rather than latter. 
Figure 5.2. enumerates the AHH activities in different groups of rats. Rats post-fed 
with garlic when exposed to chrysotile, chrysotile plus B(a)P co-exposure showed a decrease 
in the activity of aryl hydrocarbon hydroxylase at day 30 (p<0.05), 90 (p<0.001) and 180 
(p<0.001) as compared to those treated with chrysotile alone, chrysotile plus B(a)P co-
exposed group, respectively. However, AHH activity was significantly elevated as compared 
to control at day 90 and 180. B(a)P alone treated group showed significant induction in AHH 
activity throughout the post exposure period, induction pattern was maximum at early days 
rather than latter. Rats which treated with chrysotile alone showed remarkable elevation of 
AHH activity at day 30 (p<0.05), 90 (p<0.001) and 180 (p<0.001), however at day one AHH 
activity was significantly (p<0.001) reduced as compared to control. Chrysotile plus B(a)P 
co-exposed rats showed significant induction at day 30 (p<0.001), 90 (p<0.001) and 180 
(p<0.001) as compared to chrysotile alone treated group. Rats fed with garlic alone showed 
significant elevation of AHH activity except at day one compared to control. 
Rats exposed to chrysotile alone, chrysotile plus B(a)P coexposure showed significant 
depletion m the level of total glutathione as compared to chrysotile alone treated and saline 
treated control at day 15 to 180 as shown in figure 5.3. However, in chrysotile alone and 
chrysotile and B(a)P co-exposed, garlic fed rats showed significant recovery of GSH level at 
day 30 (p<0.05), 90 (p<0.001) and 180 (p<0.001) as compared to those treated with 
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chrysotile alone, chrysotile treated B(a)P co-exposed garlic un-fed rats. However, as 
compared to control decline in GSH level was significant throughout the post exposure 
period. Rats fed with garlic alone showed a similar pattern as the control group, the induction 
was not significant as compared to control. 
Rats post-fed with garlic in chrysotile plus B(a)P co-exposed group showed 
significant mduction m GST activity at day 30(p<0.05), 90 (p<0.001) and 180(p<0.001) as 
compared to chrysotile treated B(a)P co-exposed garlic unfed rats. Chrysotile alone treated 
group showed reduction throughout the period of post exposure as compared to saline treated 
control shown in figure 5.4. Rats which were not fed with garlic when treated with chrysotile 
group there was a significant depletion in glutathione S-transferase at l(p<0.001), 
15(p<0.05), 30(p<0.05), 90(p<0.05) and 180(p<0.001) days, as compared to the respective 
control groups; however, rats fed with garlic alone there was a significant (p<0.001) 
elevation throughout the period of experiment as compared to control. Chrysotile plus B(a)P 
co-exposed rat group showed significant induction at early days; however at 180 day GST 
activity is significantly (p<0.05) inhibited. 
Figure 5.5, shows that rats which were not fed with garlic when treated with 
chrysotile, plusB(a)P co-exposure showed remarkable elevation of H2O2 formation at post 
exposure day l(p<0.05), 15(p<0.001), 30(p<0.001), 90(p<0.001) and 180 (p<0.001), as 
compared to chrysotile alone treated group however chrysotile alone treated rat shows 
significant induction at day 30 (p<0.05), 90 (p<0.001) and 180 (p<0.001), as compared to 
control. Rats post-fed with garlic when exposed to chrysotile, chrysotile plus B(a)P co-
exposure showed a decrease in the H2O2 formation at day 30 (p<0.05), 90 (p<0.001) and 180 
(p<0.001) as compared to those treated with chrysotile alone, chrysotile treated B(a)P co-
exposed group. B(a)P alone treated group showed significant induction in H2O2 formation 
through out the post exposure period the induction pattern was maximvun (p<0.001) through 
out the period of post exposure. 
Table 5.1 depicts a decrease in the production of TBARS in rat lung microsomes 
isolated from chrysotile plus B(a)P co-exposed garlic co-fed rats at day 90(p<0.05) and 
180(p<0.001), as compared to chrysotile plus B(a)P exposed group. Chrysotile exposed 
B(a)P co-exposed garlic fed rat showed a significant (p<0.001) reduction in TBARS 
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formation at day 180 as compared to chrysotile treated B(a)P co-exposed rat. However, 
TBARS formation was significant in both chrysotile alone and chrysotile exposed garlic co-
fed rats as compared to control group through out the period of study. Similarly, Chrysotile 
plus B(a)P co-exposed rats significant (p<0.001) reduction of TBARS formation at day 15, 
latter on the TBARS formation was significantly increase as compared to chrysotile alone 
treated rat group at day 30, 90 and 180 days. 
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Figure 5.1. Effect of chrysotile, chrysotile co-exposed with B(a)P and garlic fed mediated 
changes in cytochrome P450 (CYP450) in rat lung microsome. Values are mean + S.E. (n=6). 
*p<0.05, **p<0.001 compared to control: "p<0.05, ''p<0.001 compared to chrysotile alone treated 
group, ''p<0.05, ''p<0.001 compared to chrysotile treated B(a)P co-exposed rat group. 
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Figure 5.2. Effect of chrysotile, chrysotile co-exposed with B(a)P and garlic fed mediated 
changes in aryl hydrocarbon hydroxylase (AHH) activity in rat lung microsome. Values are mean 
+ S.E. (n=6). *p<0.05, *'p<0.001 compared to control; ''p<0.05, ^p<0.001 compared to chrysotile 
alone treated group, ''p<0.05, •*p<0.001 compared to chrysotile treated B(a)P co-exposed rat group. 
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Figure 5.3. Effect of chrysotile, chrysotile co-exposed with B(a)P and garlic fed mediated 
changes in glutathione (GSH) level in rat lung microsome. Values are mean + S.E. (n=6). *p<005, 
*'p<0.001 compared to control; ''p<0.05, ''p<0.001 compared to chrysotile alone treated group, 
''p<0.05, *'p<0.001 compared to chrysotile treated B(a)P co-exposed rat group. 
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Figure 5.4. Effect of chrysotile, chrysotile co-exposed with B(a)P and garlic fed mediated 
changes in glutathione S-transferase (GST) level in rat lung microsome. Values are mean + S.E. 
(n=6). *p<0.05, '*p<0.001 compared to control; •'p<0.05, ''p<0.001 compared to chrysotile alone 
treated group, ''p<0.05, ''p<0.001 compared to chrysotile treated B(a)P co-exposed rat group. 
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Figure 5.5. Effect of chrysotile, chrysotile co-exposed with B(a)P and garlic fed mediated 
changes in formation of hydrogen peroxide (H202) in rat lung microsome. Values are mean + 
S.E. (n=6). *p<0.05, "p<0.001 compared to control; ''p<0.05, ''p<0.001 compared to chrysotile 
alone treated group, ''p<0.05, ''p<0.001 compared to chrysotile treated B(a)P co-exposed rat group. 
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Figure HI. Photomicrographs of control rat lung showing normal 
broncho alveolar region with few inflammatory cells (^ ) . 
]h3 
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Figure H2. Photomictographs of chrysotile plus B(a)P coexposed rat lung 
showing (->) deposition of chrysotile fibres in lung paranchyma 
thickening of alveolar septal wall, collection of inflammatory cells, and 
increased cellularity as well as peribronchial fibrosis. 
u^  
Figure H3. Histopathology of chrysotile plus B(a)P and garlic treated 
rat lung showing slight thickening of (-^) alveolar septal wall, 
collection of inflammatory cells in the peribronchiolar and alveolar 
area, however normal morphology of lung parenchyma and minimum 
cellularity around bronchioles is shown. 
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DISCUSSION 
The lung is the primary site of entry into the body for a wide variety of inhaled 
xenobiotics. It has immense defense mechanisms against xenobiotic substances entering the 
body, mechanical, cellular and enzymatic defense mechanisms to eliminate hazardous 
chemicals. In the enzymatic defense reaction, the xenobiotic is first functionalized by phase I 
enzymes, usually by the CYP enzyme system, and then conjugated to a more soluble and 
excretable form by phase II enzymes, such as glutathione S-transferases, sulfotransferases 
and N-acetyl-transferases. Sometimes however, these enzymes transform an otherwise 
harmless substance into a reactive form, thus the interest in pulmonary monoxygenase 
enzymes system has been steadily growing. 
The present chapter revealed that carcinogenic variety of asbestos, i.e. chrysotile 
fibres and poly aromatic hydrocarbons B(a)P coexposure alters the mixed function 
monoxygenase (MFO) system in rat lung at all stages of exposure in vivo. The inhibition of 
the phase I enzymes by the chrysotile fibres and chrysotile plus B(a)P co-exposure at the 
initial stages of exposure may be due to their interaction with the microsomal membrane 
(Kandswami et al. 1986). Cytochrome P450 was more jwone to liberate heme by chrysotile 
and crocidolite, the reason could be the adsorption of negatively charged microsomal 
membranes by positively charged chrysotile (Selikoff and Lee, 1978). The adsorption at 
P450 and P448 by release of heme from the adsorbed hemo-proteins shows their high 
intractability with the biological maciomolecules (Rahman et al. 1990). Kandswami and 
O'Brien (1981) hypothesized that inactivation of MFOs system in vitro and in vivo by 
asbestos fibres destabilize the pulmonary clearance and hydroxylation of B(a)P. Similarly, 
further studies support that administration of nickel carbonyl to rats causes decrease in the 
content of CYP450 at the initial stages of exposure may be due to their destabilization of the 
heme proteins (Dixit et al 1983). Chrysotile co-exposed with B(a)P showed similar pattern 
of alteration in monoxygenase system, which chrysotile alone exposed rat lung microsome 
does however, the modiilation is significantly varied over saline treated control as well as 
chrysotile alone treated rat group. 
Gupta et al. (1998) demonstrated that B(a)P significantly increased lipid peroxidation, 
it remained greater than the control value for up to 7 days. Several investigators have shown 
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that garlic oil or allyl sulfides are able to modulate the enzymatic activities related to 
xenobiotic metabolisms (Haber et al. 1994; Agarwal, 1996, Wang et al. 1998; Guyonnet et 
al. 2001). Garlic and its constituent(s) have been shown to induce the CYP450 super family 
to near maximal levels except CYPl A sub family (Dragner et al. 1995), since assaying AHH 
is an inducible phenotype of CYPIAI. Hong et al. (1992) proposed that, pretreatment of 
mice Avith i.g. doses of DASs as garlic extract attenuated the (2,3,7,8-tetra chloro-dibenzo-p-
dioxin (TCDD)-induction of pulmonary CYPlAl apoprotein and mRNA levels. 
Benzo(a)pyrene may remain biologically active in the lung for a prolonged duration. 
It is known that heavy metals, such as nickel, chromium and cobalt are found on the surface 
of asbestos in trace amount, these metals can inhibit AHH and there by could indirectly 
contributes to a carcinogenic stimulus. The depletion in the CYP450 level and associated 
enzymes (AHH) may be due to the interaction of various carcinogenic substances present in 
the samples with the microsomal membranes, which may ultimately leads to destabilization 
of the CYP450 assembly by the induction of microsomal lipid peroxidation (Rahman et al 
1990; Khan 1991a). It has been reported that B(a)P-quinones (B(a)P 1,6-quinone, -3,6-
quinone, -6,12-quinone and 7,8-qmnone etc.) are important redox cycle compounds, which 
are produced during the metabolic processing of B(a)P by a one electron oxidation. The 
toxicity of these compounds may be related not only to ROS such as O2' and H2O2, but also 
to that of semiquinone radicals (Lesko and Lorentz, 1985; Penning et al. 1996; Kim and Lee, 
1997). Recent evidence suggests that induction of AHH may be disadvantageous; it leads to 
rapid conversion of non-carcinogenic metabolites to active epoxides and these intermediate 
epoxides of PAHs, which are generally more carcinogenic than the parent compound. 
Inhibition of epoxides formation therefore may be desirable, because of AHH results in less 
epoxides formation (Wattenberg and Leong, 1970; Wheatley, 1968). The greater induction of 
AHH in lymphocytes of asbestos workers were found (Naseem et al. 1978) Increased level of 
AHH activities in chrysotile alone, chrysotile plus B(a)P co-exposed rats were suppressed by 
dietary garlic supplementation would be an important contributing factor in chrysotile, PAHs 
mediated pulmonary toxicity. 
Redox cycling of B(a)P-quinones may interact with membrane lipids and 
consequently induce lipid peroxidation, which is directly associated with the continued 
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formation of B(a)P quinones. Gupta et al. documented that B(a)P significantly increased lipid 
peroxidation in lung 12 hours after administration and it remained significantly greater than 
the control values up to 7 days. The lipid peroxides, byproducts of peroxidative degradation 
of PUFA have tremendous toxic potential in the biological system. Chrysotile alone treated, 
and chrysotile plus B(a)P co-exposure mediated TEARS formation in lung microsome is 
consistent with the formation of H2O2 and GSH level. Garlic supplementation with the above 
toxicants treated rat lung microsome showed remarkable reduction in the oxidative tone. 
Decreased lipid peroxidation observed in chrysotile exposed garlic co-fed rats is attributed to 
the presence of sufur containing active compounds in the form of cysteine derivatives in 
garlic. It is known that Allium species contain dialylsulfides, their oxides and thioles, which 
can trap electrons from other systems (Klarms-Dieter et al, 1983). Thus, it prevents oxygen 
radical formation to a certain extent and scavenges free radicals (Helen et al, 2000; Dwivedi 
et al, 1998). However, enhanced endogenous antioxidants after garlic treatment might be a 
reason for decreased level of TEARS in this study. It regulates the TEARS production level, 
by destroying 4-hydroxynonenal, a key reactive aldehyde produced during peroxidation 
(Fanelli et al, 1998; Chen et al, 1999). Even though the mechanism by which garlic 
attenuates chrysotile mediated pulmonary toxicity is not clearly known, there is sufficient 
evidence to suggest that their effect may, at least in part, be due to their ability to increase 
detoxifying enzymes and diminish the ROS mediated oxidative stress. 
Generation of ROS through Haber Wiess reaction and Fenton like reaction which 
catalyses the oxidation of 6-0HE(a)P more mutagenic and carcinogenic radicals (Graceffa 
and Weitzman, 1987) and there by play an important role in the promotion of multistage 
process of chemical carcinogenesis. Asbestos co-exposure with B(a)P revealed that asbestos 
adsorb B(a)P and acted as vehicle to increase both uptake of these lipophilic carcinogens and 
formation of DNA aducts in tracheal epithelial cells and fibres might facilitate the initiation 
of lung tumours by E(a)P. Benzo(a)pyrene requires metabolic activation to produce its 
carcinogenic effects. Post exposure to the asbestos co-exposure to B(a)P may become severe 
at advanced stage, where phase I enzyme activity was specifically increased over their 
respective controls may provide more substrate (trans- dihydrodioles) for the second 
monoxygenation by CYP450 which subsequently may produce more reactive carcinogenic 
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epoxide. Nevertheless, due to the inhibition of GST activities at advanced stages may give 
them more time to stay in the system and to react with DNA (Wattenberg, 1983) which may 
increase the probability of carcinogenesis. The precise mechanisms by which asbestos 
penetrate the development of liing cancer is still obscure. One of the possible mechanisms of 
developing lung cancer by asbestos may be related to the effects on phase I and phase II drug 
metabolizing enzymes, as the tissue level of these enzymes are crucial for deciding the 
metaboUc fate of the chemical carcinogens reaching the lung. 
Similarly, glutathione redox system is an important defense system against oxidative 
damage; it plays a vital role in protecting the cell against the oxidative stress induced by 
xenobiotics (Rahman et al. 1999). In earlier study asbestos exposure to the experimental 
animals causes a decline in glutathione reservoir, which eventually causes free radical 
mediated puhnonary injury (Abidi et al. 1999). Decline in the GSH level is inversely 
IM-opoitional to the formation of H2O2 and TEARS in microsomes which is further support 
the invohnent of ROS by chrosotile plus B(a)P co-exposure. 
Srivastava et al., (1997) proposed that garlic and its constituents have the capability 
to restore the level of GSH. Several investigators have attributed that organosulphur 
compounds could have the ability to increase the levels of GSH and GST activity m tissues, 
whereas GST and glucuronyl transferase play an important role in the detoxification of 
xenobiotics (Ander et al. 1988, Hong et al. 1992). The enzymatic conversion of active 
epoxides to less reactive intermediates is protective and occurs by spontaneous conjugation 
with glutathione or enzymatic conjugation by GST. Benson & co-workers (1979) 
demonstrated that dietary administration of antioxidants increased the activity of phase II 
enzymes such as GST activity in extra hepatic tissues, such as lung, stomach, small intestine 
and kidney (Kensler, 1997). Brady et al, (1991) have shown that DAS induces the GST- a 
subfamily, GST-ji and able to ioduce quinone reductase (QR). There are many reports 
showing the marked increase in GST activity produced by the dietary administration of DAS 
& DADS in mouse and this may account for the anti-carcinogenic properties of these 
molecules by conjugation of the metabolites of the carcinogens (Wattenberg and Leong, 
1970, Hu Xun and Sing, 1997; Jin and Baillie, 1997). Numerous studies carried out in the 
late 1970s established that enzyme systems involved in xenobiotic metabolism were 
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markedly influenced by nutritional changes in the diet, which are sufficient to alter the 
response of animals and humans to the toxicity of xenobiotics (Parke, 1991; Choudhury et al. 
1993; loannides, 1999). Histopathological studies of rat lung exposed to chrysotile, chrysotile 
with B(a)P co-exposure, garlic co-fed rat showed the results were consistent with the 
biochemical alterations. The photomicrograms of saline treated control, rat lung showing 
mostly alveolar sacs (Figure HI). The thickening of the alveolar wall is normal and there is 
minimum cellularity around bronchioles. Histomicrogram of chrysotile plus B(a)P co-
exposed rat lung (Figure H2) shows marked deposition of chrysotile fibre in lung 
parenchyma, which is associated with increased cellularity as well as peribronchial fibrosis. 
There is diffused infiltration by chronic inflammatory cells from lung parenchyma. Figure 
H3. photomicrogram of rat lung treated with chrysotile co-exposed with B(a)P and 
simultaneously receiving garlic (for three month). There is a focal collection of inflammatory 
cells as well as deposition of fibres. The alveolar walls af^ar thicken, however morphology 
of lung parenchyma appears normal. The fibrosis is minimal in this lung section; the alveolar 
septa are mostly normal where as in some areas visualized with inflammatory cells and septal 
thickening. 
The present investigation concludes that asbestos exposed with PAHs enhances the 
destabilization of MFO system remarkably, which is in accord with the prior studies (Arif e/ 
al 1994 & 1993). Modulation of drug metabolizing enzyme system subsequently slow down 
the metabolism of various toxicants and thereby the tissue retention of lipophilic carcinogens 
get extended, which is overshadowed by the garlic supplementation, constituent(s) of garlic 
diallyl sulfide have the key potential of chemoprevention which differ in respect to sulfur 
atom and/or allyl groups (Bianchini and Vainio, 2001). Several compounds are involved in 
garlic's possible anticancer effects. A host of studies provides compelling evidence that gariic 
and its organic allyl sulfur components are effective inhibitors of the cancer process (Kamat 
and Lamm, 2002). These sUidies reveal that the benefits of garlic are not limited to a specific 
species, to a particular tissue, or to a specific carcinogen (Ip et al 2000). Of 37 observational 
studies in humans using garlic and related allyl sulfur components, 28 stiidies showed some 
cancer preventive effect (Pinto et al 2001). The evidence is particulariy sti-ong for a link 
between garlic and prevention of prostate and stomach cancers. However, all of the available 
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information comes from observational studies comparing cancer incidence in populations 
who consiune or do not consiune garlic (epidemiologic studies), animal models, or 
observations with cells in culture. These findings have not yet been verified by clinical trials 
in humans. However, de Klerk et al. 1991 documented smokers are more prone to the lung 
cancer than non-smoking population in the asbestos factory workers, which is in accord with 
our studies the PAHs enhances the asbestos mediated pulmonary health hazard (Kamp et al 
1998), although the dietary supplementation of garlic diminish the toxicity of carcinogenic 
particl/fibres in animal model. This finding further suggests that clinical trial in asbestos 
factory workers by dietary garlic supplementation, would execute the study in right direction. 
Summary & Conclusion 
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Prolonged exposure to asbestos is known to cause progressive pulmonary fibrosis 
(asbestosis), pleural diseases (effusion and pleural plaques) and malignancies, mesothelioma 
and bronchogenic carcinoma. In the natural conditions, population is exposed to multiple of 
chemical and/ or physical toxicants either occupationally or domestically. The presence of 
other predisposing conditions along with exposure to asbestos is inevitable and contributes 
their toxicity to the respiratory tract. The interactive effect of asbestos along with other 
particulates produced by biofuels, which most of the Indian rural women using as a cooking 
fuels, was also studies using various biochemical and cytogenetic markers. Most of the 
studies have produced sufficient evidences of asbestos mediated toxicity and health effects in 
workers. This study has attempted in non-occupational enviromnent, where low level of 
asbestos exposure occurs in long term which cause several cellular and molecular alterations 
in exposed subjects, while the effect where more pronounced when combmed with some 
other predisposing factors like biofuel smoke exposure at indoor level. The expected 
mechanism could be the PAHs present in biofuels may also affect the penetration and 
retention of asbestos fibre from the lung tissue providing asbestos fibre more time to stay in 
the lung, resulting enhanced puhnonary inflammatory reactions. 
In recent years molecular epidemiology has emerged as a promising and challenging 
field, in evaluating occupational and environmental exposure to mutagens and carcinogens as 
associated risks. Eventually, this dissertation addresses the monitoring of epidemiological 
and inflammatory events involved in population exposed to air particulates at indoor level. 
The study will also be comprises the DNA damage and early susceptibility to lung cancer 
risk by using well designed cytogenetic and biochemical biomarkers like Micronuclei, 
Chromosomal aberration, and CYP450 1 Al in blood lymphocytes of particulates exposed 
Indian population. 
The findings of the present study are described in brief imder the following headings: 
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1. Environmental Monitoring & Ecological Impact Assessment of 
Asbestos 
> Air monitoring studies revealed that the fiber emission was under permissible limit, but 
the ecological samples showed considerable level of fiber burden due to the 
bioaccumulation. 
> Ecological contamination by asbestos found that the samples collected from the close 
vicinity of the factory revealed higher number of fibres and get diluted with increasing 
distance firom the soim:e factory. 
> The bioaccumulation of chrysotile fibres in the body organ of the model anunal species is 
the consequence of asbestos burden in their living materials. 
>^  The exposure concentrations of chrysotile fibers (laboratory exposure) used in this 
earthworm exposure studies were to mimic the field level of asbestos contaminants. 
> The ROS mediated toxicity eventually leads to the alteration in glutathione redox system 
and destabilization of pulmonary monooxygenase system. 
> The magnitude of toxicity were foxmd to be higher with field exposure, might be due to 
the presence of other chemicals in the environment. 
2. Ciinico-Radiological & PFT Profiles of Biomass Exposed Indian 
Subjects and Health Effects 
> Air monitoring data showed that indoor air particulates were higher in all biofiiel 
category compared with LPG fuel. Households using cowdung and cowdung/ wood have 
the highest RSPM and TSP concentrations, followed by wood, kerosene and LPG fuels. 
> In male population, the predominant problems were cough and chest pain, whereas these 
two were at second position among the female population. This index of effect might be 
due to the occupational and smoking habits among the male population. 
> Radiological and sputum analysis for acid fast bacilli (AFB) showed the prevalence of 
chronic bronchitis and tuberculosis among biofiiel exposed subjects while the disease 
incident was more pronoimced with cowdung associated fiiel users than cleaner fiiel like 
kerosene and LPG users. 
Summary ^ ConcCusion 173 
> Pulmonary function test also gives the same trend of result that cowdung associated fuel 
users executed more impaired function than LPG users. The prevalence of severe 
obstructions was higher in cowdung users and other exhibited mild and moderate level of 
obstruction. 
> The high incidence of respiratory infection, pulmonary impairment, tuberculosis and 
chronic bronchitis are associated with exposure of smoke, PAHs and TSP present in the 
biofiiels (Smith 2000b). 
> Nasal lavge cellular profile showed that total inflammatory tune is in consequence with 
magnitude and type of particulate exposure and significant (p< 0.01) induction found in 
cowdung and cowdung/ wood exposed subjects. 
^ Therefore, this study gave some basic epidemiological data points, which may be of 
useful in risk assessment by applying various biomarkers in human biomonitoring 
studies. 
3. DNA Damage & Cancer Susceptibility of Indian Women Cooking 
with Biofuels 
> Cytogenetic evaluation of 179 female subjects showed a significant increase in both MN 
and CA frequency in blood lymphocytes from users of biomass-fuels in comparison to 
lymphocytes firom LPG users (used as a reference population). 
y The relative MN and CA frequencies for the users of the various fuels decreased in the 
order cowdung > cowdung/wood ^ wood > kerosene ^ LPG. 
^ Age had no significant effects on the genotoxicity responses in subjects with ^10 years of 
exposure to either biomass fuels or LPG, but in subjects using biomass fuels for >10 
years, CA and MN frequencies were higher m older individuals (>30 years of age) than 
yoxmger subjects. Regardless of age, subjects burning biomass fuels had higher MN and 
CA frequencies than LPG users only when exposures were of at least 5 years duration. 
> The CYP 1 Al and AHH induction was higher in cow dung (p<0.01) and cowdimg/ wood 
users (p<0.01). Wood fuel smoke exposed population also showed significant induction 
of CYPlAl (p< 0.05) over LPG users. 
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> CC16 expression showed a negative correlation with magnitude of biofuel particulate 
exposures. 
> It is apparent from our results that the exposure of PAHs and PM from different category 
of biofiiels strongly correlates with increased activity of AHH, CYPlAl and decreased 
expression of CC16. 
> It is obvious from our present study that the inducibility of CYPl Al and AHH activity in 
blood lymphocytes of different biofuel exposed population is a consequence of PAHs and 
other PM present in it, which eventually may increase the cancer risk among biomass 
exposed populations. 
4. Biochemical & Cytogenetic Markers in Biomonitoring of 
Particulate Exposed Populations: An Epidemiological Perspective 
> Air monitoring studies revealed that the asbestos emission was under permissible limit, 
but chronic low level of fiber emission causes bioacciunulation in the environmental 
media. 
> Use of biofuel causes high level of TSP and RSPM in the breathing zone, which leads to 
several respiratory related health effects and profoimd biological responses. 
> Asbestos exposed and biofuel co-exposed subjects were found with impaired pulmonary 
function and respiratory diseases. 
> TB had no direct relation with asbestos exposure but this has very linear correlation with 
biofuel smoke exposure. 
> In the cytogenetic assay, elevated MN frequencies were found in women, who have 
exposed to asbestos+ biofuels (p< 0.05) followed by biofuel user (p< 0.05). Asbestos + 
LPG exposed subjects also found to have a slightly elevated MN frequency, but the 
increase was not statistically significant. 
> The trends for particulate exposure and CA frequency were similar to those observed for 
the MN data. 
> The overall age of the subject, years of exposure, and the type of particulates were found 
to have substantial effects on both CA and MN frequencies, with the highest frequencies 
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found in asbestos + biofiiel exposed subjects who were in the >30 years of age group and 
with >10 years of exposure. 
> In biochemical assay, the induction of CYPlAl in blood lymphocytes was significant 
with exposiire of asbestos + biofuel co-exposure. 
> The overall trend of both cytogenetic and biochemical markers raveled the conclusion 
that the magnitude of DNA damage and cancer susceptibility was in increasing order of 
LPG> asbestos + LPG> biofuels > asbestos + biofeuls. 
> Serum CC16 showed an increased expression with asbestos exposure and a negative 
correlation with exposure to cooking fuel smoke. 
> The negative effect of serum CC16 found in our study is probably due to the effect of 
decrease in Clara cell numbers in the lung by toxic metabolites of PAHs present in the 
biofuels generated by the cytochrome P-450 system or else irritants present in biofuels 
itself. 
> Low level of long-term exposure of particulates released in the environment has triggered 
profoimd biological changes because of alteration in the structure or organization of 
DNA/ macromolecules, leading to serious health effects. 
> These studies in blood lymphocytes of particulates exposed population provides new and 
reliable practical tool for human risk assessment studies in field level, which may over 
come the usual epidemiological end points like morbidity and mortality. 
5. Role of Predisposing Factor (Benzo(a)Pyrene) in Chrysotile 
Mediated Pulmonary Toxicity & Its Attenuation by Dietary 
Antioxidant 
> The study revealed that chrysotile fibres and benzo(a)pyrene co-exposure alters the MFO 
system in rat lung at all stages of exposure in vivo. 
> Exposure to chrysotile co-exposed with B(a)P initially hampered the xenobiotic 
metabolizing enzymes such as CYP450, AHH and GST activities compared to their 
respective controls as well as chrysotile alone treated group. 
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> However in later stage a reverse pattern with a progressive increase was observed except 
conjugating enzyme i.e. GST. 
> Increased level of AHH activities in chrysotile alone, chrysotile plus B(a)P co-exposed 
rats were suppressed by dietary garlic supplementation would be an important 
contributing factor in chrysotile, PAHs mediated pulmonary toxicity. 
> Increased level of TEARS formation and decline of GSH level mediated by ROS 
production was recovered significantly by garlic supplementation. 
> The present finding suggests that at initial stages of combined exposure of asbestos and 
ben2o(a)pyrene causes the destabilization of MFO system probably through the induction 
of lipid peroxidation which may intern reduce the activities of metabolizing enzymes, 
which subsequently slow down the metabolism of various poly aromatic hydrocarbons 
thereby probably the tissue retention of these lipophilic carcinogens. 
> Garlic supplementation ahers the metabolic disposition capability of lung by modulating 
phase I and phase II metabolizing enzymes and reduced oxidative tone shows that garlic 
may play a vital role in the attenuation of fiber- mediated carcinogenic response. 
Conclusion 
The present findings focused on some very important issues of environmental and 
non-occupational aspects of fibers/ particulates mediated toxicity. The overall findings 
concluded as, low level of long-term exposure of fibres/ particulates being released in the 
environment have triggered profouiKl biological changes as a result of alteration in the 
structure or organization of DNA/ macromolecules, leading to serious health effects. Further, 
it indicates the deleterious nature of chrysotile, together with biomass coexposure influences 
many inflammatory events which causes DNA damage and more vulnerable to cancer risk, 
which may be reduced by intake of dietary antioxidants. The biomarkers used in the present 
dissertation may be applied at field level for early detection of disease development and 
cancer susceptibility. 
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Asbestos a natural hydrated mineFal silicate well known for its deadly effects of 
lung fibrosis, malignant mesodielioma and bronchogenic carcinoma (Mossman et 
al. 1990). Compared to the situation a few decades ago, exposure to asbestos fibre 
is now restricted in developed and industrialized countries, while it is mountii^ in 
the developing countries (Ramanathan and Subramanian 2001). However, the 
delay between exposure and the manifestation of disease is about 20-40 years and 
that is vihy the incidence of these diseases is still escalating. 
Several states in India have many asbestos industries out of wdiich 60 % are in 
operation and the production at present is about 2000 tones of asbestos per month 
(Ramanathan and Sutsamanian 2001). However, air pollution levels of asbestos 
were reported to be elevated in Ae areas anroundcd 1^ asbestos industries (WHO 
1998). In addition, peoples living in the vicinity of a^)estos mines and asbestos-
rclatod industries may be exposed to hi^ bcr levels of a^xstos SbKs (Case and 
Sebastien 1987). Ibis atuaticMi is mainly a result of difficulties in reducing the 
emission of fine particles of asbestos during &ctoiy operation. So, monitorii^ and 
analysis of biotic and abiotic sanqjies in fte nearby ecosystem can address many 
questions about source, distribution, partitioning and transport of asbestos. 
Globally, the information regarding asbestos burden in die ecosyston and its 
ecolo^cal impact has largdy been unseen (NIPHEP 1989), merely few reports 
are indicating the adverse icapaci of asbestos on aquatic ecosystem (Lautti and 
Sdiurr 1983; 1984). Howeva, increaang evidence suggests that only a test 
battoy poised of different species and their living mataials at different tropic 
level would enable to provide suitable disaiminatoty data of die environmental 
pollutants. So diis method uses the principles of biomonitoring, using some model 
animal species and dieir living m«*<»ri«k collected around an asbestos-cement 
factory. So that the infonnati(m obtained on levels of asbestos in the environment 
can be used in combination widi die known body burdoi to assess die potential 
risk of adverse health efifects in population living in these areas. 
MATERIALS AND METHODS 
Asbestos analysis in different samples were carried out as described below by 
following die mediodology of APHA et aL (1998), EPA (1993) and IS (1986). 
Correspondence to: Q. Rahman 
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Figure 1. Asbestos-Cement factoiy locatioa, Mohanlalganj, Lucknow, (India). 
Soil and eai^wcum saiiq)les wne collected at distinct ates of 0, 1,2 and 5 Km 
around an asbestos-ccmcot UcUxy, which is located at Mdlumlal^ni about 25 km 
from Lucknow, U.P. (India) (Figure-1). Soil samples were dried at 65"C for 3 
days for fiirtfaer processing. Eaitiiwonns (/*. posthuma) collected from the same 
soil of the deeper horizon were placed in sq)atate petridishes on moist filter piq)er 
for 3 days to void their gut coitfcnts. Sdl and eaidiwcHin samples were segregated 
and ashed separately acccnxling to the site of collectitm at 500®C for 2 hrs in 
mufiQe microwave and the ashes were mixed witti HNO3 and fintiier diluted with 
deionized water to avoid any damage to the Millipore filter during filtration 
process. Pond water-and its sediments were collected separately from different 
comer of a pond, the only aquatic ecoqfstem exhibited near l^ tiie factory. Sotidi 
and west comer of the pond is located vicinity to the fiictoiy walls and the total 
area of the pond is around 1 ha area. These pond sediments were dried and dien 
treated as processed by soil samples described above. Snail and Frog woe also 
collected from the same aquatic ecosystem and were dissected out and 
IN«weighed (wgans were honu^enized sqxtrately widi known volume of 4 % 
sodium hypochlorite solution (NaClO) until clear digestion were made. 
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The pond water saoaples and above iMX)CCSScd solutions of soil, earthworm, pond 
sediment, snail and fiog samples were filtered throiigh a Millqwie memlM-ane 
filter paper with pore diameter 0.8 Mm (Cat no. AABP 04700, MilUpore 
corporation. Bed ford, MA 01730, USA) vAdch retains asbestos fibre present in 
the samples and is subsequendy transformed on a slide and made transparent by 
tbe addition of 200-300 pi of standard immersion oil (Olympus, Japan). The 
transparent slides were air dried and used for asbestos analy^ by phase contrast 
polarized micioscopic (PCM) meAod (IS 1986). Length of asbestos fibres were 
measured in the range of < 10 nm, 11-20 jun, 21-30 ion, 31-50 ^m and > 50 jun 
and relative count of fibres were also estimated in Ae original materials. 
RESULTS AND DISCUSSION 
Soil contamination by asbestos showed in Table-1, found that the samples 
collected fiiom the close vicinity of the fectcwy were revealed higher number of 
fibres and get diluted witii increasing distance. Further lengthwise pattern of fibre 
content was quite vmying with distance moving away fix>m tbe factory, as anall 
fibres (<10 fun) were higher in the case of 2 and S Km samj^iiDg site as compared 
to 0-1 Km site. This atuation m i ^ be due to the &ct that small fibres travel 
much distance throi^ air compared to die longer ones. Accfxdiag to the Toxic 
Release Inventcxy (TRjQ in 1999, the total releases of asbestos to the envinnunent 
(includffig dr. water md acnl) fimn 87 fiKalities were 13.6 million pousds (TRI99 
2001). Since asbestos Sbtcs do not endore sigmficaot tiaii^onnation or 
degradation in soil ^ A 1 9 8 9 ) , makes it moving frcmi one tropic Icvd to anothcr 
tn the ecosystem. While accounting this situation, it stresses the need to stady the 
translocation and persistence of asbestos fibres in soil biota like earthworm, the 
best terrestrial animal model Tbe total fibres / g dry weigiht (dw) of eaitiiwoim 
sanqjles (Table-2) were finmd to be deoeasing in trmd with increasing distance 
as in the case of previous table. In additi<»x the earthwtMm sBoaoplc collected at 1 
Km distance siiowed 123 fibres per gram of dry wei£^ v/baeas soil san^>le 
showed 67 fibres per gram of dry w e i ^ Whoi conadeiing this soil ad)estos 
concentration and the eailfawmm body asbe^os concentration fixnn our study, a 
very uniform asbestos gradient in the soil were not reflected so convincingly by 
Table 1. Asbestos residues in soil samples around an asbestos-cemait factory. 
Sample Total 
Fibres/ 
gdw 
% of fibres in loigtfawise 
<10Mm 11-20 Mm 21-30 Mm 31-50 Mm >50Mm 
OKm 541 14.0% 
(2§L 
25.3 % 15.7% 
(85) 
18.1% 26.8 % 
il45)_ 
IKm 67 14.9% 
110)_ 
13.4 % 19A% 
(13) 
23.9% 
(16) 
28.4 % 
(19) 
2 Km 43 34.8 % 
1151 
27.9 % 
(12) 
20.9% 11.6% 4.7% 
5km 29 37.9% 
Xil l 
31.0% 
(2L 
17.2% 
(SL 
103 % 
131 
3.4% 
ill_ 
Figure within parentheses indicates number of fibre out of total fibre content. 
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Table 2. Asbestos burden in eaithwocm samples around an asbestos-cement 
; actory. 
Sample 
OKm 
IKm 
2Km 
5Km 
Total 
Fibres/ 
gdw 
366 
123 
89 
43 
% of fibres in lengthwise 
<10fim 
30.3 % 
(111) 
31.7% 
(39) 
32.6 % 
(29) 
34.9 % 
(15) 
11-20 jun 
27.0% 
(99) 
20.3 % 
(25) 
25.8 % 
(23) 
27.9% 
(12) 
21-30 fun 
17.2 % 
(63) 
23.6% 
(29) 
20.2 % 
(18) 
18.6% 
(8) 
31-50 nm 
10.7% 
(39) 
11.4% 
(14) 
11.2% 
(10) 
11.6% 
(5) 
>50nm 
14.7 % 
(54) 
13.0 % 
(16) 
10.1 % 
(9) 
6.9% 
(3) 
Figure within parentheses indicates numbo' of fibre out of total fibre content. 
the earthwonn body asbestos concei^ sations. While this situation of higher fibre 
presence in the eartfawonn than tiie soU, obviously indicates the greater 
bioaccumulation of asbestos in san^les coUeded finm all the four sampling »tes. 
Evidences fiom field studies by Glovinova et al. (1994) and Greig-Smitfa et al. 
(1992) showed that asbestos and metals were substantially accumulated in 
earthwonns surviving in contaminated waste site; reflectively. Further Sdueier 
and Timmraga (1986) suggested titat dirysotUe load in tbe soil may de\«te the 
magpesium and trace metd levds locally, J^^ KTN^KHI fdants or soil biota like 
caitfaworm sdectivdy tdccs Ifaem vp. in addition len^wise measurranent of 
fibres make evident that samples collected fiom all sites (0-S Km), possessing tbe 
higher number offibres in increasing order from >50 ^m to <I0(mt. 
Analyses of asbestos readues in various samples collected fiom difiTerent comer 
of a pond were explained in tables 3-5. Table-3 shows ibe pond water and its 
sedintBOt contamination by duysoffle fibres. In both tiie sanies, southern end 
was roistered Ug^er Dumber of fibres fi^owed by we^em, easton and noctiinn 
side of pond samples. This mi^ r be due to the &ct that the former two sites are 
located towards or nearer to tbs factory. It is especially important to assess tiie 
size distribution of tiie filHvs in tbe environmental media there by carrying vital 
role in evaluating the resultant risL Lengthwise measuremoit makes evident diat 
the higher number offibres belongs to tin group of 31-50 ^m range in pond water 
and > 50 fim range in pond sediment sanities due to the close vicinity of the 
Eactory. These data fur&er «q>ldns the &ct l3aat tibe large fibres are removed from 
the air and water by gravitational settling at a rate dependent upon their size, but 
small fibres may mnain suspended for l<Mig period of time. 
Snails were also collected fiom diffoent cmner of tiie aquatic source and 
individual gn>iq>s were mixed, separated randomly (4-S numbers). As shown in 
Table-4 different snail organs like buccalmass, visceral i^iral, rectum, foot and 
muscle showed different numbers of mean aj^ iestos fitxes per gram oi^ gan. 
Although the route of asbestos entry is not clearly understood, Ibe present finding 
agrees tbe accumulation of asbestos fibres in the snails in accordance with tiie 
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Table 3. Asbestos residues in pond wator and sediment sanq)les near an asbestos-
cement factory. 
Sample 
P. water 
North 
P. water 
South 
P. water 
East 
P.water 
West 
P. sediment 
North 
P. sediment 
South 
P. sediment 
East 
P. sediment 
West 
Figure wifliin f 
Total 
Fibres/ 
Lor/g 
dw 
282 
304 
287 
298 
360 
420 
399 
404 
nretidiBses 
% of fibres in lengdiwise 
<10nm 
7.8 % 
(22) 
11.8% 
(36) 
19.9% 
(57) 
11.1% 
(33) 
5.0 % 
(18) 
4.5 % 
(19) 
3.0 % 
(12) 
5.0 % 
(20) 
ll-20^m 
15.6 % 
(44) 
12.8 % 
(39) 
16.4% 
(47) 
17.7% 
(53) 
13.6% 
(49) 
9.3 % 
(39) 
11.0% 
(44) 
10.4 % 
(42) 
21-30 ^m 
18.8% 
(53) 
18.1 % 
(55) 
12.1 % 
(35) 
16.8 % 
(50) 
16.9 % 
(61) 
13.1 % 
(55) 
17.5% 
(70) 
12.6% 
(51) 
31-50 urn 
25.5 % 
(72) 
30.9% 
(94) 
23.4 % 
(67) 
312% 
(93) 
30.8 % 
(111) 
25.2% 
(106) 
24.3 % 
(97) 
25.0% 
(101) 
>50 
^m 
32.3 % 
(91) 
26.4 % 
(80) 
28.2 % 
(81) 
23.2 % 
(69) 
33.6 % 
(121) 
47.9 % 
(201) 
44.1 % 
(176) 
47.0% 
(190) 
indicatBS number of Gbtc out (^ total fibre coitfent 
finding of Glovinova e/ cd (1994), who repotted lesser anKiunt of fibtes thai our 
study at different habitats snails but not finm the oiviioameot of asbestos 
industiy. Gomot-de Vaufleuiy and Pihan (2002) also demonstrated the 
bioaccumulation of various metals in aiail throi^ wal and domal uptake fi?om 
contaminated site. Table-5 ocplains the asbestos load in different oigans of the 
fix)gs examined under three groiq)s. Like snail tbe higjhest fiixe burden was found 
in rectum and the lowest one was in muscle. The fiiog Iddncy also showed 
considered^ level <^ asbestos fibre buideo. This is fiirther siqiported by 
Woodhead et al. (1983), v ^ reported tbat in fish, during excretion ixocess ^ 
fibre might get acounulated in the kidney, "wbax exposed chronically in the 
enviroimiental media. A l ^ u ^ die total fibre content among die organs was 
different but individual loigthwise n^asumnent of each ranges was quite 
comparable. The mean asbestos burden and lengthwise fibre burden (31-50 ^m) 
studied under three groups of each part of the snails and fiogs are the consequence 
of asbestos load in their liAong materials. Despite diere might be one more 
possibility of translocation of fibres in fiog is that some kind of frogs feed on 
various insects, snail, slug and earthworm in soil on land, sedimoit in ditches and 
paddy fields (Maeda and Matsui. 1989). Few reports aheady indicated the 
bioaccumulation of PCB in fiog tibrough food web (Kadokami et al. 2000; 2002). 
Thus, the bioaccumulation and passing through food wd) impact mi^ first involve 
as direct poisoning and contamination may secondly involve as an indirect 
ecological effect 
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Table 4. Mean asbestos residues in 
cement £Eictoiy. 
Name of the 
organ 
Buccalmass 
Visceral 
spiral 
Rectum 
Foot 
Muscle 
Mean* 
FibreXg 
organ 
60 
76 
112 
40 
21 
different organs of snails near an asbestos-
% of fibre in length^^e 
<10^m 
13.3 % 
(8) 
11.8% 
(9) 
12.5 % 
(14) 
10.0% 
(4) 
14.3 % 
(3) 
11-20 ^m 
20.0 % 
(12) 
19.7 % 
(15) 
23.2 % 
(26) 
27.5 % 
(11) 
19.0% 
(4) 
21-30 m^i 
23.3 % 
(14) 
21.0% 
(16) 
20.5 % 
(23) 
20.0% 
(8) 
23.8 % 
(5) 
31-
50 nm 
28.3 % 
(17) 
27.6 % 
(21) 
30.3 % 
(34) 
32.5 % 
(13) 
38.1 % 
(8) 
>50 
^m 
15.0% 
(9) 
19.7 % 
(15) 
13.4% 
(15) 
10.0 % 
(4) 
4.8% 
0) 
Figure within parentheses indicates number of fibre out of total mean fibre 
contmt 
* Mean value of fibre present in the total No of oiganism, studied under three 
groups. 
Table S. Mean asbestxK residiies in different ofgans of fixigs near an asbestos-
oenaent factory. 
Name of the 
organ 
Mean* 
nbre\g 
organ <10nm 
% of fibre in lei^ jtfawise 
11-20 \im 21-30 ]vn 31-50|im 
>50 
Eye 28 17.9% (5) 
24.9% 
(7) 
24.9% 
(7) 
21.4 % 
(6) 
10.7% 
(3) 
Stomach + 
Duodenum 
72 12 J % 20.8% 19.4% 
(14) 
27.7% 19.4% 
(14) 
Rectum 189 12.7% (24) 
15.8% 
(30) 
25.4% 
(48) 
33.9% 
(64) 
12.2% 
^31 
Kidnqr 69 17.3 % 
112L 
15.9% 
(HI 
26.0 % 
(18) 
27.5 % 
(19) 
13.0% 
Muscle 20 10.0% 10.0% 20.0% (IL 
40.0% 20.0% 
Figure within 
content 
* Mean value 
groups. 
parentheses indicates number o fibre out of total mean fibre 
of fibre present in the total No of otganism, studied under three 
It is obvious fix>m our above findings presented here tiiat ibc asbestos 
coocentratioa decreased vnih iocreasng <Ustance fiom the factory. The 
bioaccumulation of chrysotile fibtes in the Ixxfy organ of the model animal 
species is the consequence of asbestos burden in tiieir living materials. 
1175 
Acknowledgments. We diank Dr. PJC Scfli, Director, for his keen interest and 
support in Has woric and to Mr. M. A^uin for his skillful technical assistance. 
The financial grant fiom fte Ministiy of Environment & Forests (Govt, of India) 
is also gratefully acknowledged. 
REFERENCES 
APHA, AWWA, WEF (1998) Standard methods for the examination of water and 
wastewata-, 20* editicm, APHA, Washington, DC. 
Case BW, Sebastirai P (1987) Environmental and occiq)ational exposure to 
chtysotile asbestos: A comparative micro analytic study. Arch Environ 
Health 42:185-191. 
EPA (1989) U.S. Environmoital Protection Agency. Federal Register 54: 29460-
29513. 
EPA (1993) Test method for ttts determination of asbestos in bulk building 
materials. Washington, DC: U.S. Environmental Protection Agency. EPA 
600/R-93/116. 
Glovinova E, Kucera M, Pavel J (1994) Testing hazardous asbestos fibres in 
animal tissues. Toxiccd Environ Cbsxxi 43:13-17. 
Gomot-de Vaufleury A, Pihan F (2002) Methods for toxicity assessment of 
contaminated soil by oral or dermal uptake in land snails: Metal 
bioavailability and bioaccumulatioo. Environ Toxicol Oiem 21:820-827. 
Greig-Smith PW, Becker H, Edwards PJ, Heimbach F (1992) Ecotoxicology of 
eaufawonns, Intocept, Haizqjshire, UK. 
Indian Standards (ISX1986) Method for determination of airbome asbestos filnc 
concentratitm in weak environment by llgfbt microscopy (meml»ane filter 
mediod). hidian Standards Institution, New Delhi. IS-11450. 
BCadokami K, Takeishi M, Kmamoto M. Ono Y (2000) Occurrence and effects of 
endoOTne-disriqiti]^  cfaonicals in fiogis and soil samples. J Enviitm Chem 
10:35-43 (In Japaatesc, English abstract). 
BCadokami K, Tdcddii M, Kuramoto M, Ono Y (2002) Ccmgena-spedfic 
analysis <tf polycfalorinated diboizD-p-dioxins, dibenzofurans and coi^ anar 
polydil(xinated bipbenyis in frogs and their habitats, Idtalgrusfau, Japsca. 
Environ Toxicol Chem 21:129-137. 
Lauth J, Schurr K (1983) Some effects of chtysotile asbestos on a planktonic alga 
(ciyptomonas erosa). Micron 14:93-94. 
Lauth J, Sdiurr K (1984) Eotiy of chtysotile asbestos Sbres fiom water into the 
planktonic alga (oyptomonas erosa). Nfiotm Miax>sc Acta 15:113-114. 
Maeda N, Matsui M (1989) Frogs and TOKEUIS of Japan. Bun-ichi Sogo Shtqipan, 
Tokyo, Jqian (In Japanese). 
Mossman BT, Bignon J, Com M, Seaton A, Gee JBL (1990) Asbestos: Scientific 
development and in:y>lications for public policy. Scioice 247:294-301. 
NIPHEP (1989) National histitute for Public Health and Environmeatal 
Protection. The Netherland, Report No. 758473013. 
Ramanatfaan AL, Subramanian V (2001) Present status of asbestos mining and 
related health problems in hidla-A survey, hid Heahh 39: 309-315. 
1176 
Schreier H, Timmenga H (1986) Eartbwonn re^wnse to asbestos-rich 
seipentinitic sediments. Soil Biol Biochon 1: 85-89. 
TRI 99 (2001) Toxic chemical release invwtory. National Libraiy of Medicine, 
National Toxicology Information Program, Bethesda, MD, U.S. 
WHO (1998) ChrysotUe asbestos: Enviroimiental healA criteria. Geneva: 
Switzerland: World Health Organization. 
Woodhead AD, Setlow RB, Pond V (1983) The effects of chronic exposure to 
asbestos fibres in the Amazon molly Poecilia Formosa. Environ Int 9:113-
175. 
1177 
J BICXIHEM MOLECULAR TOXICOLOGY 
Volume 17, Number 6,2003 
Garlic Attenuates Chrysotile-Mediated Pulmonary 
Toxicity in Rats by Altering the Phase I and Phase II 
Drug Metabolizing Enzyme System 
Mohamed Ameen, M. Syed Musthapa, Parveen Abidi, Iqbal Ahmad, and Qamar Rahman 
Fibre Toxicology Division, Industrial Toxicology Research Centre, Lucknow 226 001, Uttar Pradesh, India; E-mail: qrahmamtrc@yahoo.co.in 
Received 9 July 2003; revised 8 September 2003; accepted 22 September 2003 
ABSTRACT: Asbestos and its carcinogenic properties 
have been extensively documented. Asbestos expo-
sure induces diverse cellular events associated with 
lung injury. Previously, we have shown that treat-
ment with chrysotile shows significant alteration in 
phase I and phase II drug metabolizing enzyme sys-
tem. In this study we have examined some poten-
tial mechanisms by which garlic treatment attenuates 
chrysotile-mediated pulmonary toxicity in rat. Female 
Wistar rats received an intratracheal instillation of 5 mg 
chiysotile (0.5 mL saline) as well as intragastric garlic 
treatment (1% body weight (v/w); 6 days per week). 
Effect of garlic treatment was evaluated after 1, 15, 
30, 90, and 180 days by assaying aryl hydrocarbon 
hydroxylase (AHH), glutathione (GSH), glutathione 
S-transferase (GST), and production of thiobarbituric 
acid reactive substances (TBARS) in rat lung micro-
some. The results showed that AHH and TBARS for-
mation were significantly reduced at day 90 and day 
180 in chrysotile treated garlic cofed rats; GSH recov-
ered 15 days later to the near normal level and GST 
elevated significantly after treatment of garlic as com-
pared to chrysotile alone treated rat lung microsome. 
The data obtained shows that inhibition of AHH activ-
ity and induction of GST activity could be contribut-
ing factor in chrysotile-mediated pulmonary toxicity 
in garlic cofed rats. However, recovery of GSH and 
inhibition of TBARS formation by garlic and its con-
stituent(s) showed that garlic may give protection by 
altering the drug metabolizing enzyme system. © 2003 
Wiley Periodicals, Inc. J Biochem Mol Toxicol 17:366-
371, 2003; Published online in Wiley InterScience 
(www.interscience.wiley.com). DOI I0.1002/jbt.l0100 
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I N T R O D U C T I O N 
Asbestos is a known carcinogen [1] and its carcino-
genic properties have been extensively documented. 
Clinical and epidemiological studies have established 
that asbestos fibres are associated v^ i^th the development 
of pulmonary interstitial fibrosis, lung cancer, and ma-
lignant mesothelioma [2]. Asbestos exposure induces 
diverse cellular events related to lung injury [3,4]. For 
a decade, several investigators hypothesized that the 
process of disease development due to asbestos ex-
posure in humans as well as in animals may be en-
hanced due to coexposure to poly aromatic hydrocar-
bons (PAHs) [5,6]. Moreover, the continuous derange-
ment in the pulmonary drug metabolizing enzymes by 
asbestos affects the metabolism and clearance of a va-
riety of environmental pollutants reaching the lung [7]. 
Earlier studies from our laboratory have suggested that 
chrysotile, a carcinogenic variety of asbestos, alters the 
activities of phase 1 and phase II drug metabolizing en-
zymes [8]. Thus, continuous impairment in phase I and 
phase II enzyme system shows that the capability of 
lung to metabolically dispose of carcinogens may give 
them more time to stay in the system and react with 
macromolecules, which may increase the probability 
of cancer [9]. Therefore in present study, attempt has 
been made to investigate the attenuation of chrysotile-
mediated toxicity by garlic treatment. 
Extensive literature is available regarding medi-
cal uses and chemical composition of garlic. A study 
from our laboratory shows that diallyl sulfide (DAS), a 
constituent of garlic, protects mesothelial cells against 
asbestos-induced genotoxicity [10]. By supporting the 
above fact Guyonnet et al. [11] reported that garlic 
constituents protect against chemically-induced tox-
icity and carcinogenesis in animal model. Sparnins 
et al. [12] hypothesized that organosulfur compounds 
(OSCs) have the key potential of chemoprevention, 
which differ in their structures with respect to number 
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of sulfur atom and /o r allyl groups. Moreover, garlic 
has been reported to have antitumorigenic properties 
[13] and might inhibit a variety of chemically-induced 
cancers, including those of breast [14-16], skin [17], 
and lung [18,19]. Dially sulfide is an effective inhibitor 
of benzo(a)pyrene (B(a)P)-induced pulmonary neopla-
sia in mice [20,21]. The present investigation was con-
ducted to evaluate the modulation of drug metaboliz-
ing enzymes in lung microsomes in chrysotile treated 
garlic cofed rats. The objective of our study is to evalu-
ate attenuation of chrysotile-mediated pulmonary tox-
icity by garlic and its constituents as well as the mech-
anism of action. 
MATERIALS A N D METHODS 
Chemicals 
Benzo(a)pyrene, 3-hydroxy benzo(a)pyrene, and 2-
thiobarbituric acid (TBA) were purchased from Sigma 
(St. Louis, MO). All the other chemicals/reagents were 
of analytical grade and purchased from Sisco Research 
Laboratory or Spectrochem (Mumbai, India). 
given tap water ad labitum. They were housed in an 
air-conditioned room and maintained at 25°C on a 12 h 
light/dark cycle. Twenty-four hours posttreatment of 
garlic, animals from each group were sacrificed 1, 15, 
30,90, and 180 days after exposure to chrysotile by de-
capitation; their lungs were removed and homogenized 
in 0.25 M sucrose. Lung microsomal and cytosolic frac-
tions were isolated by the method of Johannesen et al. 
[231. 
Enzyme Assays 
Aryl hydrocarbon hydroxylase (AHH) activity was 
assayed by the fluorimetric technique [24] using 3-
hydroxy benzo(a)pyrene as a standard. Total glu-
tathione (GSH) content was estimated by the method 
of Sedlack and Lindsay [25]. Glutathione S-transferase 
(GST) activity was determined by the spectrophotomet-
ric procedure [26] using l-chloro-2,4-dinitrobenzene 
(CDNB) as a substrate. Lipid peroxidation (LPO) was 
evaluated according to the method of Hunter et al. [27]. 
Protein was estimated calorimetrically by the method 
of Lowry et al. [28] using bovine serum albumin as a 
standard. 
Asbestos Fibres 
Indian chrysotile asbestos was obtained from a 
local asbestos factory mined at Cuddapah (Andhra 
Pradesh Mining, Hyderabad, India). Particle size be-
low 30 jjim was prepared according to Zaidi [22]: 
Statistical Analysis 
The student's f-test (two tailed) was adopted for 
statistical analysis and p < 0.05 was considered as sig-
nificant. 
Garlic Preparation 
Garlic extract 10% (w/v) of garlic bulbs (.Alliiun 
sativum single clove variety) was prepared from freshly 
sliced cloves, ground into paste, and dissolved in deion-
ized water. The dose (intragastric, i.g.) given to experi-
mental rat was 1 % body weight (v/w), 6 days per week 
throughout the experimental period. 
Treatment of Animals 
Female Wistar-rats (150 ± 10 g), were obtained 
from Industrial Toxicology Research Centre, Animal 
breeding colony, Lucknow, India, and were divided into 
four groups. One group received a single intratracheal 
(i.t.) inoculation of 5 mg chrysotile (in 0.5 mL saline), 
the second group received chrysotile i.t. as well as gar-
lic (i.g., 1 % body weight (v/w), 6 days per week). Third 
group received only garlic (i.g.), whereas the fourth 
group, which was treated as control group, received 
only saline. The animals were maintained on standard 
pellet diet supplied by Amrut feeds, Pune, India, and 
RESULTS 
Rats postfed with garlic when exposed to chrysotile 
showed a decrease in the activity of aryl hydrocar-
bon hydroxylase at days 30 {p < 0.05), 90 (p < 0.001), 
and 180 (;; < 0.001) as compared to those treated with 
chrysotile alone. However, AHH activity was signif-
icantly elevated as compared to control rat lung mi-
crosome at day 90 and 180 as shown in Figure 1. Rats 
which were not fed with garlic when treated with 
chrysotile showed remarkable elevation of AHH ac-
tivity at days 30 (p < 0.05), 90 (p < 0.001), and 180 
(p < 0.001), however at day one AHH activity was sig-
nificantly {p < 0.001) reduced as compared to control. 
Rats fed with garlic alone showed significant elevation 
of AHH activity except at day one compared to control. 
Rats which were not fed garlic when exposed to 
chrysotile showed significant depletion in the level of 
total glutathione as compared to control at day 15-180 
as shown in Figure 2. However, chrysotile exposed gar-
lic cofed rats showed significant recovery of GSH levels 
atdays30(;; < 0.05),90(p < 0.001),and 180(/i? < 0.001) 
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FIGURE 1. Effect of garlic on chrysotile mediated changes in aryl 
hydrocarbon hydroxylase (AHH) in rat lung microsome, \alues are 
mean ±SE (n = 6).'p < 0.05, 'p < 0.00] compared to control; */i < 
0.05 and "p < 0.001 compared to chrysotile alone treated group. 
FIGURE 3. Effect of garhc on chrysotile mediated changes in glu-
tathione S-transferase (GST) in rat lung microsome. Values are mean 
+SE (.1! = 6), 'p < 0.05, V < 0.01, 'p < 0.001 compared to control; 
•;) < 0.05 and ' " p < 0.001 compared to chrysotile alone treated 
group. 
as compared to those treated with chrysotile alone. 
However, as compared to controls, decline in GSH level 
was significant throughout the postexposure period. 
Rats fed with garlic alone showed a similar pattern as 
the control group; the induction was not significant as 
compared to control. 
Rats fed with garlic when exposed to chrysotile 
showed induction throughout the postexposure period, 
as compared to those treated with chrysotile alone; the 
induction was significant at days 30, 90, and 180, as 
compared to controls (Figure 3). Rats not fed with gar-
lic when treated with chrysotile group showed a sig-
nificant depletion in glutathione S-transferase at 1 (;; < 
0.001), 15 (p < 0.01), 30 (p < 0.001),90 {p < 0.001), and 
180 (p < 0.001) days, as compared to the respective con-
trol groups; however, rats fed with garlic alone showed 
a significant (p < 0.001) elevation throughout the pe-
riod of experiment as compared to control. 
Figures 4 and 5 show a decrease in the production of 
TBARS in rat lung microsomes isolated from chrysotile 
exposed, garHc cofed rats at days 90 (p < 0.05) and 
180 (p < 0.001), as compared to chrysotile alone ex-
posed group. However, TBARS formation was signif-
icant in both chr}'sotile alone and chrysotile exposed 
garlic cofed rats as compared to control group through 
out the period of study. Furthermore, the maximum in-
crease was recorded at day 1 and day 15, then a sUght 
decrease was observed, which increased again at day 
180 in chrysotile alone treated group as compared to the 
respective control. Significant alteration was obser^^ed 
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FIGURE 2. Effect of garlic on chrysotile mediated changes in glu-
tathione (GSH) in rat lung microsome. Values are mean ±SE (ii = b), 
";) < 0.05, V < 0.01, 'p < 0.001 compared to control; •;' < 0.05 and 
"p < 0.001 compared to chrysotile alone treated group. 
FIGURE 4. Effect of garlic on chrysotile mediated TBARS formation 
in rat lung microsome. Values are mean -f-SE (H = 6),'p < 0.001 com-
pared to control; 'p < 0.05 and "p < 0.001 compared to chrysotile 
alone treated group. 
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FIGURE 5. Effect of garlic on chrysotile mediated TBARS formation 
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in the activity of AHH and GST in lung microsomes 
isolated from rats fed with garlic alone compared to 
control; however, modulation of GSH level and TBARS 
formation was not significant. 
DISCUSSION 
The lung is the primary site of entry into the body 
of a wide variety of inhaled xenobiotic. It has immense 
defense mechanisms against xenobiotic substances en-
tering the body; mechanical, cellular, and enzymatic 
defense mechanisms act to eliminate hazardous chem-
icals. In the enzymatic defense reaction, the xenobi-
otic is first functionalized by phase I enzymes, usu-
ally by the CYP enzyme system, and then conjugated 
to a more soluble and excretable form by phase II en-
zymes, such as glutathione S-transferases, sulfotrans-
ferases, and N-acetyl-transferases. Sometimes, how-
ever, these enzymes transform an otherwise harmless 
substance into a reactive form, thus the interest in 
pulmonary monoxygenase enzymes system has been 
steadily growing. 
Several investigators have shown that garlic oil or 
allyl sulfides are able to modulate the enzymatic ac-
tivities related to xenobiotic metabolisms [29-32]. Gar-
lic and its constituent(s) have been shown to induce 
the CYP450 superfamily to near maximal levels except 
CYPIA subfamily [33], since assaying aryl hydrocar-
bon hydroxylase is an inducible phenotype of CYPl Al. 
Hong et al. [34] proposed pretreatment of mice with 
ig. doses of DASs, as garlic extract attenuated the 
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)-induction 
of pulmonary CYPl Al apoprotein and mRNA levels. 
In accordance with our earlier finding AHH got in-
duced significantly in rats exposed to chrysotile 30 
days postexposure. However, the chrysotile treated gar-
lic cofed group showed a significant decline in AHH 
level at days 30,90, and 180, as compared to chrysotile 
alone exposed group. The induction was significant as 
compared to control group. Recent evidence suggests 
that induction of AHH may be disadvantageous. In-
duced AHH levels lead to rapid conversion of non-
carcinogenic metabolites to active epoxides; the in-
termediate epoxides of poly aromatic hydrocarbons 
are generally more carcinogenic than the parent com-
pound. Inhibition of epoxide formation therefore may 
be desirable, because the inhibition of AHH results in 
less epoxide formation [35,36]. Increased level of AHH 
activity in rats treated with chrysotile alone were sup-
pressed by garlic supplementation and could be an im-
portant contributing factor in chrysotile-mediated pul-
monary toxicity. 
Similarly, glutathione redox system is an important 
defense system against oxidative damage; it plays a vi-
tal role in protecting the cell against the oxidadve stress 
induced by xenobiotics [37]. The present investigation 
indicates that chrysotile (alone) exposed (garlic unfed) 
rats show a significant decline in GSH levels after 15 
days compared to that in the respective control. These 
results were further supported by our earlier study 
in that asbestos exposure to the experimental animals 
were causes of a decline in glutathione reservoir, which 
eventually cause free-radical-mediated pulmonary in-
jury [38]. Chrysotile exposed garlic cofed rats showed 
enhanced GSH level 30 days postexposure as com-
pared to chrysotile (alone) treated rats. However, GSH 
level showed significant decline as compared to control 
throughout the postexposure period. Srivastava et al. 
[39] proposed that garlic and its constituents have the 
capability to restore the level of GSH. Moreover, glu-
tathione S-transferase activities were significantly ele-
vated throughout the postexposure period in chrysotile 
exposed garlic cofed rats as compared to chrysotile 
alone treated group. Several investigators attributed 
that organosulphur compounds could have the abil-
ity to increase the levels of GSH and GST activity in 
tissues, whereas GST and glucuronyl transferase play 
an important role in the detoxification of xenobiotics 
[34,40]. The enzymatic conversion of active epoxides 
to less reactive intermediates is protective and occurs 
by spontaneous conjugation with glutathione or enzy-
matic conjugation by glutathione S-transferase. Benson 
and coworkers [41 ] demonstrated that dietary admin-
istration of antioxidants increased the activity of phase 
II enzymes such as GST activity in extra hepatic tis-
sues, such as lung, stomach, small, intestine, and kidney 
[42]. Brady et al. [43] have shown that diallyl sulfide in-
duces the GST-a subfamily, GST-^ l., as well as quinone 
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^ reductase (QR). There are many reports showing the 
marked increase in GST activity produced by the di-
etary administration of DAS and DADS in mouse and 
this may account for the anticarcinogenic properties of 
these molecules by conjugation of the metabolites of 
the carcinogens [18,35,44]. Numerous studies carried 
out in the late 1970s established that enzyme systems 
involved in xenobiotic metabolism were markedly in-
fluenced by nutritional changes in the diet, which are 
sufficient to alter the response of animals and humans 
to the toxicity of xenobiotics [45-47]. 
Lipid peroxidation plays an important role in the 
pathogenesis of a number of diseases/disorders. The 
relationship between peroxidative decomposition of 
membrane polyunsaturated fatty acid (PUFA) and CYP 
is well established. The present investigation shows 
•> that in chrysotile exposed garlic cofed rats TBARS for-
mation was significantly reduced at day 90 and 180, 
but the mechanism of reduction was not yet clear. De-
creased lipid peroxidation observed in chrysotile ex-
posed garlic cofed rats is attributed to the presence of 
sulfur containing active compounds in the form of cys-
teine derivatives in garhc. It is known that Allium species 
contain dialkylsulfides, their oxides and thioles, which 
can trap electrons from other systems [48]. Thus, it pre-
vents oxygen radical formation to a certain extent and 
scavenges free radicals [49,50]. However, enhanced en-
dogenous antioxidants after garlic treatment might be 
a reason for decreased level of TBARS in this study. 
It regulates the TBARS production levels by destroy-
ing 4-hydroxynonenal, a key reactive aldehyde pro-
duced during peroxidation [51,52]. Even though the 
mechanism by which garlic attenuates chrysotile me-
d i a t e d pulmonary toxicity is not clearly known, there 
'^is sufficient evidence to suggest that their effect may, at 
least in part, be due to their ability to increase detoxify-
ing enzymes and diminish the ROS mediated oxidative 
stress. 
In conclusion, these results suggest that alterations 
mediated by garlic in the metabolic disposition ca-
pability of lung by modulating phase I and phase 
11 metabolizing enzymes and reduced lipid peroxida-
tion shows garlic may play a vital role in the attenu-
ation of fiber-mediated carcinogenic response. Further 
studies are suggested in this direction to support this 
hypothesis. 
^ 
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Cytogenetic Biomonitoring of Indian Women Cooking 
With Biofuels: Micronucleus and Chromosomal 
Aberration Tests in Peripheral Blood Lymphocytes 
M . S y e d M u s t h c p c , ' M o h t a s h i m Lohcni , ' Smite T i w a r i / N e e r o j Mc thur ,^ 
R a j e n d r c Prasad , a n d Q a m a r R a h m a n ' * 
^ Fibre Toxicology Division, Industrial Toxicology Research Centre, Lucknow, India 
^Epidemiology Division, Industrial Toxicology Research Centre, Lucknow, India 
^Department of TB and Chest Diseases, K.G. Medical University, Lucknow, India 
India currently has the largest number of indoor air 
pollution-related health problems in the wor ld, 
with three-quarters of its households burning wood, 
cowdung, or crop residues ("traditional" biomoss 
fuels) for cooking, and the remainder using kero-
sene and relatively clean-burning liquefied petro-
leum gas (LPG). Combustion of these fuels pro-
duces various pollutants that may cause serious 
health effects in exposed populations. In this study, 
the micronucleus (MN) and chromosomal aberra-
tion (CA) assays were used to evaluate the relative 
amounts of DNA damage produced by the use of 
these cooking fuels. Cytogenetic evaluation of 179 
female subjects showed a significant increase in 
both M N and CA frequency in blood lymphocytes 
from users of biomass-fuels in comparison to lym-
phocytes from LPG users (used as a reference pop-
ulation). The relative M N and CA frequencies for 
the users of the various fuels decreased in the order 
cowdung > cowdung /wood a wood > kero-
sene a LPG. Further, the results indicated on effect 
of subject age, and the duration of exposure on the 
M N and CA frequencies in biomoss fuel users. Age 
had no significant effects on the genotoxicity re-
sponses in subjects with £ 10 years of exposure to 
either biomoss fuels or LPG, but in subjects using 
biomoss fuels for > 10 years, CA and M N frequen-
cies were higher in older individuals ( > 3 0 years of 
age) than younger subjects. Regardless of age, 
subjects burning biomoss fuels hod higher M N and 
CA frequencies than LPG users only when expo-
sures were of at least 5 years duration. These 
results indicate that burning biomoss-bosed fuels 
increases the frequency of cytogenetic alterations 
in blood lymphocytes of exposed populations, pos-
sibly because of exposure to the various noxious 
gases and toxic substances present in biomoss 
fuels. These cytogenetic markers could be used in 
the field to assess the genotoxic consequences of 
burning various cooking fuels and for early detec-
tion of genetic abnormalities in people exposed to 
various pollutants and toxicants. Environ. Mol . Mu-
tagen. 4 3 : 2 4 3 - 2 4 9 , 2 0 0 4 . © 2004 Wiley-liss, Inc. 
Key words: biomoss fuels; cooking smoke; biomonitoring; genotoxicity; micronucleus assay; 
chromosomal aberration 
I N T R O D U C T I O N 
India is the second largest consumer of biomass fuels or 
biofuels in Asia and uses more animal waste as fuel than 
any other country [Streets and Waldhoff, 1998]. In rural 
India, nearly 90% of primary energy is generated by burning 
biomass fuels (wood, 56%; crop residues, 16%; dung, 21%) 
[TEDDY, 1998], and the remainder is provided by kerosene 
stoves and liquefied petroleum gas (LPG). Biofuels, with 
their low combustion efficiency, are high emitters of indoor 
air pollutants. They have been identified as causal agents for 
several respiratory diseases and other adverse health effects, 
particularly among women and young children [Bruce et al., 
2000]. Combustion of biomass fuels produces various nox-
ious gases and toxic substances, including respirable partic-
ulates; carbon monoxide and nitrogen oxides; and com-
pounds such as polyaromatic hydrocarbons (PAHs), 
benzene, and aldehydes [Smith et al., 1983; WHO, 1991; 
Raiyani et al., 1993; Albalak et al., 1999; Ezzati et al., 2000; 
© 2004 Wiley-Liss, Inc. 
Balakrishnan et al., 2002]. For example. Smith et al. [1983] 
found that cooking with biofuels resulted in indoor air 
concentrations of nearly 4000 ng/m^ benzo[a]pyrene. Car-
cinogenic PAHs like benzo[fl]pyrene can either be bound to 
particulate matter (PM), whose concentration is high in 
biofuels [Balakrishnan et al., 2002], or be in a volatile form. 
Extracts of biofuel combustion products are mutagenic in 
Salmonella typhimurium [Bell and Kamens, 1990], and 
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epidemiological studies have demonstrated an increase in 
the incidence of cancer in Chinese populations using bio-
fuels [Mumford et al., 1987; He et al., 1991; Zhong et al., 
1999; Zhou et al., 2000]. Previous studies of the impact of 
biomass combustion air pollution on health in rural Indian 
villages [Smith et al., 1983; Behera and Jindal, 1991; Dutt 
et al., 1996; Behera, 1997; Mishra and Rutherford, 1997; 
Balakrishnan et al., 2002], however, mainly have dealt with 
non-cancer endpoints and the quantification of air pollut-
ants. Given the high levels of pollutants produced by burn-
ing biomass fuels, the genotoxicity associated with their 
combustion products, and the increased cancer incidence 
associated with exposure to biofuel burning in other coun-
tries, we hypothesized that ruraJ Indian women who use 
biofuels for cooking are at increased risk for accumulating 
DNA damage. In the present study, we have u.sed cytoge-
netic assays to evaluate the DNA damage produced by the 
use of biomass-derived cooking fuels in an Indian popula-
tion. 
Assays measuring sister-chromatid exchange (SCE), 
chromosomal aberrations (CAs), and micronuclei in periph-
eral blood lymphocytes are well established cytogenetic 
techniques that have been used extensively in human bio-
monitoring for assessing DNA damage at the chromosomal 
level [Carrano and Natarajan, 1988; Fenech, 1993; Hagmar 
et al., 1994; Lando et al., 1998]. In the present study, we 
have used the micronucleus (MN) and CA assays to assess 
the genotoxicity associated with the use of biomass cooking 
fuels. Briefly, micronuclei are acentric chromosome frag-
ments or whole chromosomes left behind during mitosis and 
appear in the cytoplasm of interphase cells as small addi-
tional nuclei [Fenech, 1993]. CAs are detected as structural 
chromatid or chromosome-type aberrations, such as breaks 
and gaps within a chromosome [Carrano and Natarajan, 
1988]. In previous studies, MN induction and CAs have 
been extensively used as biomarkers of genotoxicity 
[Fenech, 1993; Michalska et al., 1999] and for quantifying 
adverse human health effects, particularly cancer [Hagmar 
et al., 1994; Tucker and Preston, 1996]. Our present study 
indicates that rural Indian women using biofuels for cooking 
have higher levels of DNA damage than women using 
cleaner-burning petroleum-based fuels. 
MATERIALS AND METHODS 
Subjects 
The subjects involved in this study resided in a village near Lucknow 
City, India, and had similar socio-economic conditions. The study popu-
lation consisted of 179 women who were divided into five categories based 
on the type of primary fuel used for the entire period they prepared meals, 
namely, cowdung (n=33), cowdung/wood (n=29), wood (n=28), kero-
sene (n=3l) and LPG (n=58). LPG users were considered as the control 
subjects because of the relatively low level of pollutants generated by this 
fuel. Out of 179 women, the majority consumed a typical vegetarian diet 
for its region; 52 were occasional non-vegetarians, consuming non-vege-
* . 
Fig. 1. Micronucleus (MN) in a binucleated lymphocyte from a biomass-
exposed individual. 
tarian food approximately once in 3-4 weeks. Among the non-vegetarians, 
32 of were biofuel users (dung, dung/wood, wood). 2 used kerosene (not 
included in Table I) and 18 used LPG. Smokers, and individuals with 
occupational exposure to toxic substances or using any medications within 
two weeks of sampling, were excluded from this study. Also, subjects with 
chronic respiratory illness were excluded, in order to avoid the confound-
ing effects of disease proces.ses. The age of the subjects, the type of fuel 
used, the average time spent on cooking, and number of years of cooking 
with the fuel were determined through the use of a questionnaire. The 
overwhelming majority cooked in enclosed (poorly-ventilated) spaces, 
either in kitchens that were partitioned from the rest of the house or in 
separate structures. All subjects gave informed consent for participation in 
this study. 
Cytogenetic Assays 
Blood lymphocyte cultures were examined for chromosomal damage 
using the MN and CA assays, performed as described by Fenech and 
Morley [1985] and Hungerford et al. [1968], respectively. 
Micronucleus (MN) test 
Venous blood was drawn from each subject into a heparinized tube. For 
each sample, duplicate cultures were initiated by adding 0.5 niL of whole 
blood to 5.0 mL of RPMI-1640 medium (Sigma, St. Louis, MO) supple-
mented with 20% fetal calf serum, 2% phytoheniagglutinin, 100 IV/mL 
penicillin, 100 p.g/mL streptomycin, and 2mM L-glutamine. After incuba-
tion at 37"C for 44 h, cytochalasin B (Sigma) was added to the cultures at 
a final concentration of 6 (ig/mL, and the cultures were incubated for an 
additional 28 h to collect binucleated cells. The cells were then treated with 
a hypotonic solution of 0.075 M KCl for 5 min at room temperature and 
fixed twice in methanol/acetic acid (3:1). The fixed cells were dropped on 
to coded dry slides and stained with 5% Giemsa. About 1000 binucleated 
cells from each subject were analyzed under blind code for the presence of 
micronuclei (Fig. 1) following the scoring and analyzing criteria reported 
in Fenech et al. [2003]. Briefly, micronuclei had the following character-
istics: round or oval; smaller than 1/3 of the size of the main nucleus; same 
color as the main nucleus but can be lighter in intensity; must not touch the 
main nucleus. The results are expressed as the me.in number of micro-
nucleated cells per 1000 binucleated cells ± the standard deviation. 
Chromosomal Aberration (CA) test 
For CA analysis, the blood was cultured for 48 h at 37°C in the same 
medium as used for the MN assay. One hour prior to harvesting (i.e., at the 
47"' h), colchicine (Sigma; final concentration, 10 |xg/mL) was added to 
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Fig. 2. Aberrant melaphase from a blood lymphocyte of a biomass-
exposed individual, showing a chromosomal break and a chromatid break. 
QwdA^Mal 
Fig. 3. Micronucleus (MN) induction in blood lymphocytes from 179 
Indian women using different cooking fuels. The asterisks indicate data 
that differ considerably from the control (LPG> group. •P<0.05; 
**P<0.01. 
block the dividing cells at metaphase. The cells were collected by centrif-
ugation, resuspended in a prewarmed hypotonic solution (0.075 M KCl) for 
20 min, and fixed in methanol/acetic acid (3:1, v/v). Slides were prepared 
by an air-dried method and stained with 5% Giemsa. A total of 100 
well-spread metaphases were scored from each subject under blind code 
for CAs (Fig. 2), which include chromosome/chromatid breaks, interstitial 
deletions (minutes), gaps and chromatid deletions. Briefly, chromatid gaps 
were defined .is achromatic lesions less than the width of the chromatid, 
whereas chromatid deletions were .scored if the separation was greater than 
the width of the chromatid. Chromatid breaks were scored as discontinuous 
if more than the width of a chromatid or discontinuous if equal to the width 
of a chromatid with displacement from the chromatid axis and without 
visible connecting material. Chromosome breaks were terminal breaks 
without sister union, acentric fragments in the absence of an aberration that 
could have generated fragments, and interstitial deletions. Additional scor-
ing and counting criteria were according to Carrano and Natarajan [1988]. 
CA frequencies are expressed as the percent cells with aberrations ± the 
standard deviation. 
Statistical Analysis 
The mean MN frequency and percent cells with aberrations for each 
subject was used as the statistical unit. One way analysis of variance was 
carried out to find out significant differences for the mean MN and 
aberration frequencies of subjects in different categories of exposure sep-
arately after ascertaining the homogeneity of variance in the groups. 
Comparisons between the mean MN and aberration frequencies between 
the LPG group and the other fuel groups were performed by Dunnett's test 
[Zar, 1984] (Fig. 3, Fig. 4, and Table I). For analyzing the significance of 
mean differences in MN and CA induction between biofuel-exposed and 
LPG users in different age groups (<30 years of age, >30 years of age), 
and with different years of exposure (<5 years, 6-10 years, >10 years), a 
three-way analysis of variance was conducted with age, duration of expo-
sure, and type of fuel used as independent variables and MN or CA 
induction as the dependent variable (Table II and Table III). Prior to this 
analysis, the homogeneity of variance between the groups was established. 
Calculation of the least significant differences was carried out by post-hoc 
analysis. 
RESULTS 
The MN assay using the cytokinesis-block method was 
carried out on peripheral blood lymphocytes from women 
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Fig. 4. Chromosomal aberrations (CAs) in blood lymphocytes from 179 
Indian women using different cooking fuels. The asterisks indicate data 
that differ considerably from the control (LPG) group. *P<0.05; 
**P<0.01. 
using different cooking fuels. LPG users, who were used 
as a control population, had a mean MN frequency of 
10.34±2.67 micronucleated cells/1000 binucleated cells. 
In comparison, elevated MN frequencies were found in 
women burning cowdung for cooking (30.00±3.56, 
P<Qm}, followed by cowdung/wood (26.21 ±3.14, 
P<0.05) and wood (22.85±4.02, P < 0.05) (Fig. 3). 
Kerosene users were also found to have a slightly ele-
vated MN frequency, but the increase was not statisti-
cally significant. The CA frequencies among the women 
using the various cooking fuels are given in Fig. 4. The 
trends for fuel use and CA frequency were similar to 
those observed for the MN data. When compared with 
LPG users (3.10% with aberrant cells), CA frequencies 
were significantly increased in women using cowdung 
(10.80%, P<0.01), followed by cowdung/wood (8.17%, 
P< 0.05) and wood (6.96%, P< 0.05). Kerosene users 
had a small but nonsignificant increase in CA frequency 
in comparison to LPG users. 
When the data were compared on the basis of dietary 
habits of the study population, no significant differences 
in MN and CA frequency were observed between vege-
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TABLE 1. Micronuclei and Chromosomal Aberrations in Relation to Diet in 
Using Different Cooking Fuels 
Micronucleus* 
Category Vegetarian (98) Non-Vegetarian (50) 
Biofuel-exposed (90) 21.89 ± 2.61 (58) 22.11 ± 2.17 (32) 
LPG-exposed (58) 10.66 ± 1.99 (40) 11.09 i 2.11 (18) 
148 Indian Women 
Chromosomal Aberration** 
Vegetarian (98) Non-Vegetarian (50) 
7.96 i 0.98 (58) 9.01 ± 0.86 (32) 
3.20 + 0.78(40) 4.11+0.59(18) 
*Values are mean micronucleated cells/1000 binucleated cells ± SD. 
**Values are % cells with aberrations ± SD; figures within parentheses indicate size of study population; women using cowdung, cowdung/wix)d and 
wood included in biofuel-exposed group; kerosene users not included in analysis. 
TABLE II. Micronucleus Frequency in Relation to Age and Exposure Duration in 148 Indian Women Using Different 
Cooking Fuels* 
Exposure 
duration 
<5 years 
6-10 years 
> 10 years 
<3C 
Biofuel-exposed (55) 
17.36 ±2.39 (19)' 
22.00 ± 2.44(25)"" 
30.00 ±2.42(11)'" 
) yeai 
Fuel 
:s of 
type 
age 
LPG-exposed (34) 
9,23 ± 1.32(13) 
10.90 ±2.01 (11) 
12.00 ± 1,99(10) 
>30 years of 
Biofuel-exposed (35) 
18.67 ±2,19(7)' 
25,00 ± 2.43(12)"" 
36.87 ± 2.01 (I6)'"'-' 
Fuel type 
age 
LPG-exposed (24) 
10.00 ± 1.98(5) 
12,50 ± 2.01 (8) 
16.36 ± 1,99 (11)"'^  
*Values are mean micronucleated cells/1000 binucleated cells ± SD; figures within parentheses indicate size of study population; women using cowdung, 
cowdung/wood and wood included in biofuel-exposed group; kerosene users not included in analysis, 
°P < 0,01 compared to the corresponding LPG users in same age group (Exposure effects). 
"F < 0.01 compared to the corresponding <5 years exposure group for each fuel type and age category (Exposure duration effects). 
"P < 0.01 compared to the <30 years of age group of same duration of exposure to same type of fuel (Age effects). 
TABLE III. Chromosomal Aberrations in Relation to Age and Exposure Duration in 148 Indian Women Using Different 
Cooking Fuels* 
Exposure 
duration 
<5 years 
6-10 years 
>10 years 
<30 years of 
Biofuel-exposed (55) 
3,94 ±0,71 (19) 
6,88 ± 0.81 (25)' 
9,00 ±0.95 (11)"" 
Fuel type 
age 
LPG-exposed (34) 
2.30 ±0.88 (13) 
2,81 ±0,69(11) 
3,00 ±0,55 (10) 
>30 years of 
Biofuel-exposed (35) 
4,00 ± 0.49 (7) 
8.91 ±0.81 (12)"" 
13.31 ± 1.10 (16)""'-' 
Fuel type 
age 
LPG-exposed (24) 
3.00 ± 0.47 (5) 
3.62 ± 0.61 (8) 
6.18 ±0.89(11) 
*Values are % cells with aberrations ± SD; figures within parentheses indicate size of .study population; women using cowdung, cowdung/wcxxl and wo<xl 
included in biofuel-exposed group; kerosene users not included in analysis, 
"P < 0.01 compared to the corresponding LPG users in same age group (Exposure effects), 
"/' < 0,01 compared to the corresponding <5 years expo.sure group for each fuel type and age category (Exposure duration effects). 
"P < 0,01 compared to the <30 years of age group of similar duration of exposure to same type of fuel (Age effects). 
tarians and occasional non-vegetarians (Table I). The 
effects of subject age and the duration of cooking fuel use 
on MN and CA frequency are presented in Tables II and 
III, respectively. For this analysis biofuel users (dung, 
dung/wood and wood) were pooled together in a single 
biofuel-exposed group and those cooking with kerosene 
were not considered. The overall age of the subject, years 
of exposure, and the fuel type were found to have sub-
stantial effects on both CA and MN frequencies, with the 
highest frequencies found for biofuel users who were in 
the >30 years of age group and with > 10 years of biofuel 
use. 
The mean MN and CA frequencies in the biofuel-exposed 
population were significantly greater than those from LPG-
fuel users. This was true for both age groups (< and >30 
years of age). When the duration of exposure was consid-
ered, there was no significant effect of age for both the 
biofuel and LPG groups exposed <10 years. For those 
exposed >10 years, age influenced both the MN and CA 
frequencies of biofuel users, while age affected only the MN 
frequency for LPG users. In the <30 years of age group, 
exposure to biofuels for more than 6 years resulted in a 
significant increase in MN frequency, whereas the CA fre-
quency was significantly increased only when the duration 
of exposure was >10 years. 
Although not always significant, generally increasing fre-
quencies of MN and CA were observed with increasing 
durations of exposure to both biofuels and LPG, with the 
effect being more pronounced for users of biofuels than for 
LPG users. 
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DISCUSSION 
The results of the present study indicate that biofuel use 
increased cytogenetic damage in human blood lymphocytes, 
as measured by both the MN and CA tests (Fig. 3 and Fig. 
4). The increased frequencies of micronuclei and CAs are 
presumably due to exposure to smoke which is formed after 
incomplete combustion of biomass fuels and which are rich 
in several noxious gases, PAHs, and PM, which are known 
to be toxic [Behera et al., 1991; Behera and Jindal, 1991; 
WHO, 1991; Raiyani et al., 1993; Smith, 2000; Balakrish-
nan et al., 2002]. Our results indicate that the highest 
frequencies of both CAs and micronuclei were found in 
women using cowdung for cooking fuel, followed by, in 
decreasing order, users of cowdung/wood, wood, kerosene 
and LPG. 
Epidemiological and environmental monitoring studies 
indicate that the combustion of biofuels releases large 
amounts of particulate air pollutants, especially PM2.5 and 
PM|o, and PAHs, and exposure to these pollutants causes 
several respiratory disorders [Behera and Jindal, 1991; Dutt 
et al., 1996; Ellegard, 1996; Behera, 1997]. Furthermore, 
Mandal and Mandal [2002] reported that biomass fuels 
generate higher levels of smoke and respirable airborne PM 
than kerosene or LPG. Smith et al. [1983] detected atmo-
spheric PAH concentrations of 4000 ng/m" during cooking 
with biofuels, and He et al. [1991] found an exposure-
response relationship between PAH concentrations in in-
door air and lung cancer. In studies comparing different 
biofuels, Raiyani et al. [1993] found that the burning of 
cowdung produced the highest indoor PAH levels, and the 
levels decreased during of burning wood, kerosene, and 
LPG. Atmospheric PAHs are predominantly found attached 
to the respirable fraction of suspended PM, i.e., PM25 and 
PM,o. A recent study performed in southern Indian house-
holds found that cooking with biofuels produced very high 
indoor air concentrations of respirable PM (500-2000 |xg/ 
m^), and that cowdung burning produced the highest con-
centrations of PM, followed in order by wood/charcoal, 
kerosene, and LPG [Balakrishnan et al., 2002]. This result 
agrees with a growing body of scientific evidence indicating 
that households using cowdung have higher levels of respi-
ratory PM than those burning wood or LPG [World Bank, 
2001]. 
Respirable airborne PM is cytotoxic and genotoxic for 
different cell systems [Homberg et al., 1998; Diociaiuti et 
al., 2001], and exposure of cultured human lymphocytes to 
PAHs increases the MN and SCE frequencies in a dose-
dependent manner [Warshawsky et al., 1995]. Also, a num-
ber of biomonitoring studies indicate that occupational or 
environmental exposure to high levels of PAHs, air pollu-
tion, and/or atmospheric PM results in DNA damage 
[Bender et al.. 1988; Bolognesi et al., 1997a,b; Michalska et 
al., 1999]. In a study that measured the genotoxicity spe-
cifically associated with the combustion of biomass fuels. 
Bell and Kamens [1990] reported that extracts of particles 
generated from the burning of cowdung. crop residues and 
wood were mutagenic in the Salmonella typhimurium re-
version assay. Thus, our finding of increased MN and CA 
frequencies in women using biofuels for cooking is consis-
tent with data indicating high levels of PAHs and PM in 
biofuel combustion products and data demonstrating the 
genotoxicity of PM and its associated PAHs. The CAs 
detected in the present study were mainly in the form of 
chromatid breaks (separate data not shown). This is consis-
tent with the observation of Burgaz et al. [2002], who 
reported increased level of chromatid breaks in blood lym-
phocytes of traffic policemen exposed to high levels of 
PAHs and other gaseous pollutants. In addition, previous 
studies indicate that combustion of cowdung produces the 
highest levels of pollutants among all the biofuels, and we 
found the highest MN and CA frequencies for the women 
using cowdung as a cooking fuel. 
In the present study, women using LPG had a higher 
frequency of CAs than control subjects from other studies 
[e.g., Testa et al., 2002; Mahata et al., 2003]. The relatively 
high CA frequency among LPG users might be due to the 
generation of PM and PAHs by LPG, albeit in lesser 
amounts than other cooking fuels [Raiyani et al., 1993; 
Dennekamp et al., 2001; Balakrishnan et al., 2002], com-
bined with the poorly ventilated cooking areas used by the 
study subjects. Moreover, recent studies suggest that LPG 
exposure is mutagenic and causes various health problems 
[Gao et al., 1994; Yin et al., 1998; Dick et al., 2001]. 
Women without expcsure to any cooking fuel are very rare, 
however, which accounts for employing LPG users as con-
trol subjects in this study. The main objective of the study 
was to evaluate the genotoxicity associated with using bio-
fuels for cooking. In addition to the possible genotoxicity 
resulting from LPG, the relatively high CA frequencies in 
our control subjects may reflect differences in genetic sus-
ceptibility, exposure or lifestyle, including cultural patterns, 
in our study population. It is also possible that LPG users 
grew up in families that used biofuels before they them-
selves started cooking; this possibility was not evaluated in 
the study. 
In our study, kerosene users had slightly higher MN and 
CA frequencies than LPG users. Although these differences 
were not significant, we have previously demonstrated that 
exposure to kerosene and its soot causes several biochem-
ical changes in tissues and cytotoxicity in rat alveolar mac-
rophages [Arif et al., 1993]. Kerosene soot and some of its 
associated PAHs are also mutagenic in Salmonella [Kaden 
et al., 1979]. In a recent investigation, we found that kero-
sene soot induces micronuclei in Syrian hamster embryo 
cells [Lohani et al., 2000]. 
Smoking, non-vegetarian diets, and alcohol intake in-
crease DNA damage in lymphocytes [Betti et al., 1995]. In 
the present study, the participants neither smoked nor drank 
alcohol and followed the same general dietary habits; the 
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major dietary variable we identified that might affect the 
study was the consumption of occasional non-vegetarian 
meals. This later factor had no significant effect on MN or 
CA frequency in the study population. However, both sub-
ject age and the duration of exposure to cooking fuel com-
bustion affected MN and CA frequencies in the present 
study. In general, MN frequencies appear to be modulated 
by endogenous or physiological factors related to aging and 
gender fBonassi et al., 2001]. Previous studies have dem-
onstrated a relatively strong effect of age on cytogenetic end 
points [Bolognesi et al., 1997c; Bonassi et al., 2001], with 
damage increasing as a function of age. In our study the 
older group (>30 years old), with >10 years of exposure, 
showed significantly higher MN and CA frequencies than 
similarly exposed women of <30 years of age. This obser-
vation is consistent with the results of Bonassi et al. [2001] 
who found that MN frequency increases with age and ob-
served a sharp increase in people over 40 years of age. 
In summary, the results of the present smdy indicate that 
women using biofuels for cooking have higher lymphocyte 
MN and CA frequencies than women using petroleum-
based fuels for cooking, and that the highest MN and CA 
frequencies were found in the women using cowdung for 
fuel. The relative frequencies of micronuclei and CAs as-
sociated with the use of the different fuels generally corre-
lated with the levels of PM and PAHs produced by burning 
the fuels. The results of the study demonstrate the useful-
ness of these cytogenetic biomarkers at the field level for the 
early detection of potential adverse human health effects. 
The data suggest that genetic damage in rural, and probably 
urban, women may be reduced by limiting the exposure to 
cooking smoke from biomass fuels. 
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Cytogenetic Biomonitoring of Indian Women Cooking 
With Biofuels: Micronucleus and Chromosomal 
Aberration Tests in Peripheral Blood Lymphocytes 
M. Syed Musthapa,^ Mohtashim Lohani,' Smite Tiwari,' Neeraj Mathur,^ 
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India currently has the largest number of indoor air 
pollution-related health problenns in the world, 
with three-quarters of its households burning wood, 
cowdung, or crop residues ("traditional" biomoss 
fuels) for cooking, and the remainder using kero-
sene and relatively clean-burning liquefied petro-
leum gas (LPG). Combustion of these fuels pro-
duces various pollutants that may cause serious 
health effects in exposed populations. In this study, 
the micronucleus (MN) and chromosomal aberra-
tion (CA) assays were used to evaluate the relative 
amounts of DNA damage produced by the use of 
these cooking fuels. Cytogenetic evaluation of 179 
female subjects showed a significant increase in 
both MN and CA frequency in blood lymphocytes 
from users of biomass-fuels in comparison to lym-
phocytes from LPG users (used as a reference pop-
ulation). The relative MN and CA frequencies for 
the users of the various fuels decreased in the order 
cowdung > cowdung/wood s wood > kero-
sene 2: LPG. Further, the results indicated an effect 
of subject age, and the duration of exposure on the 
MN and CA frequencies in biomass fuel users. Age 
had no significant effects on the genotoxicity re-
sponses in subjects with s 10 years of exposure to 
either biomass fuels or LPG, but in subjects using 
biomass fuels for >10 years, CA and MN frequen-
cies were higher in older individuals (>30 years of 
age) than younger subjects. Regardless of age, 
subjects burning biomass fuels had higher MN and 
CA frequencies than LPG users only when expo-
sures were of at least 5 years duration. These 
results indicate that burning biomass-based fuels 
increases the frequency of cytogenetic alterations 
in blood lymphocytes of exposed populations, pos-
sibly because of exposure to the various noxious 
gases and toxic substances present in biomass 
fuels. These cytogenetic markers could be used in 
the field to assess the genotoxic consequences of 
burning various cooking fuels and for early detec-
tion of genetic abnormalities in people exposed to 
various pollutants and toxicants. Environ. Mol. Mu-
tagen. 43:243-249, 2004. © 2004 Wiley-Liss, Inc. 
Key words: biomass fuels; cooking smoke; biomonitoring; genotoxicity; micronucleus assay; 
chromosomal aberration 
INTRODUCTION 
India is the second largest consumer of biomass fuels or 
biofuels in Asia and uses more animal waste as fuel than 
any other country [Streets and Waldhoff, 1998J. In rural 
India, nearly 90% of primary energy is generated by burning 
biomass fuels (wood, 56%; crop residues, 16%; dung, 21%) 
[TEDDY, 1998], and the remainder is provided by kerosene 
stoves and liquefied petroleum gas (LPG). Biofuels, with 
their low combustion efficiency, are high emitters of indoor 
air pollutants. They have been identified as causal agents for 
several respiratory diseases and other adverse health effects, 
particularly among women and young children [Bruce et al., 
2000]. Combustion of biomass fuels produces various nox-
ious gases and toxic substances, including respirable partic-
ulates: carbon monoxide and nitrogen oxides; and com-
pounds such as polyaromatic hydrocarbons (PAHs), 
benzene, and aldehydes [Smith et al., 1983; WHO, 1991; 
Raiyani et al. 1993; Albalak et al., 1999; Ezzati et al., 2000; 
Balakrishnan et al., 2002]. For example, Smith et al. [1983] 
found that cooking with biofuels resulted in indoor air 
concentrations of nearly 4000 ng/m^ benzo[a]pyrene. Car-
cinogenic PAHs like benzo[flJpyrene can either be bound to 
particulate matter (PM), whose concentration is high in 
biofuels [Balakrishnan et al., 2002], or be in a volatile form. 
Extracts of biofuel combustion products are mutagenic in 
Salmonella typhimurium [Bell and Kamens, 1990], and 
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epidemiological studies have demonstrated an increase in 
the incidence of cancer in Chinese populations using bio-
fuels [Mumford et al., 1987; He et al., 1991; Zhong et al., 
1999; Zhou et al., 2000]. Previous studies of the impact of 
biomass combustion air pollution on health in rural Indian 
villages [Smith et al., 1983; Behera and Jindal, 1991; Dutt 
et al., 1996; Behera, 1997; Mishra and Rutherford, 1997; 
Balakrishnan et al., 2002], however, mainly have dealt with 
non-cancer endpoints and the quantification of air pollut-
ants. Given the high levels of pollutants produced by burn-
ing biomass fuels, the genotoxicity associated with their 
combustion products, and the increased cancer incidence 
associated with exposure to biofuel burning in other coun-
tries, we hypothesized that rural Indian women who use 
biofuels for cooking are at increased risk for accumulating 
DNA damage. In the present study, we have used cytoge-
netic assays to evaluate the DNA damage produced by the 
use of biomass-derived cooking fuels in an Indian popula-
tion. 
Assays measuring sister-chromatid exchange (SCE), 
chromosomal aberrations (CAs), and micronuclei in periph-
eral blood lymphocytes are well established cytogenetic 
techniques that have been used extensively in human bio-
monitoring for assessing DNA damage at the chromosomal 
level [Carrano and Natarajan, 1988; Fenech, 1993; Hagmar 
et al., 1994; Lando et al., 1998]. In the present study, we 
have used the micronucleus (MN) and CA assays to assess 
the genotoxicity associated with the use of biomass cooking 
fuels. Briefly, micronuclei are acentric chromosome frag-
ments or whole chromosomes left behind during mitosis and 
appear in the cytoplasm of interphase cells as small addi-
tional nuclei [Fenech, 1993]. CAs are detected as structural 
chromatid or chromosome-type aberrations, such as breaks 
and gaps within a chromosome [Carrano and Natarajan, 
1988]. In previous studies, MN induction and CAs have 
been extensively used as biomarkers of genotoxicity 
[Fenech, 1993; Michalska et al., 1999] and for quantifying 
adverse human health effects, particularly cancer [Hagmar 
et al., 1994; Tucker and Preston, 1996]. Our present study 
indicates that rural Indian women using biofuels for cooking 
have higher levels of DNA damage than women using 
cleaner-burning petroleum-based fuels. 
MATERIALS AND METHODS 
Subjects 
The subjects involved in this study resided in a village near Lucknow 
City, India, and had similar socio-economic conditions. The study popu-
lation consisted of 179 women who were divided into five categories based 
on the type of primary fuel used for the entire period they prepared meals, 
namely, cowdung (n=33), cowdung/wood (n=29), wood (n=28), kero-
sene (n=31) and LPG (n=58). LPG users were considered as the control 
subjects because of the relatively low level of pollutants generated by this 
fuel. Out of 179 women, the majority consumed a typical vegetarian diet 
for its region; 52 were occasional non-vegelarians, consuming non-vege-
,^» 
Fig. 1. Micronucleus (MN) in a binucleated lymphocyte from a biomass-
exposed individual. 
tarian food approximately once in 3-4 weeks. Among the non-vegelarians, 
32 of were biofuel users (dung, dung/wood, wood), 2 used kerosene (not 
included in Table I) and 18 used LPG. Smokers, and individuals with 
occupational exposure to toxic substances or using any medications within 
two weeks of sampling, were excluded from this study. Also, subjects with 
chronic respiratory illness were excluded, in order to avoid the confound-
ing effects of disea,se pr(Kes,ses. The age of the subjects, the type of fuel 
used, the average time spent on cooking, and number of years of cooking 
with the fuel were determined through the use of a questionnaire. The 
overwhelming majority cooked in enclosed (poorly-venlila(ed) spaces, 
either in kitchens that were partitioned from the rest of the house or in 
separate structures. All subjects gave informed consent for participation in 
this study. 
Cytogenetic Assays 
Blood lymphocyte cultures were examined for chromosomal damage 
using the MN and CA assays, performed as described by Fenech and 
Morley [1985] and Hungerford et al. [1968], respectively. 
Micronucleus (MN) test 
Venous blood was drawn from each subject into a heparinized tube. For 
each sample, duplicate cultures were initiated by adding 0.5 niL of whole 
blood to 5.0 mL of RPMI-1640 medium (Sigma, St. Louis, MO) supple-
mented with 20% fetal calf serum, 2% phytohemagglutinin. 100 lU/mL 
penicillin, 100 jig/mL streptomycin, and 2mM L-glutamine. After incuba-
tion at 37"C for 44 h, cytochala.sin B (Sigma) was added to the cultures at 
a final concentration of 6 |jLg/niL, and the cultures were incubated for an 
additional 28 h to collect binucleated cells. The cells were then treated with 
a hypotonic solution of 0.075 M KCI for 5 min at room temperature and 
fixed twice in methanoi/acetic acid (3:1). The fixed cells were dropped on 
to coded dry slides and stained with 5% Giemsa. About 1000 binucleated 
cells from each subject were an.ilyzed under blind code for the presence of 
micronuclei (Fig. 1) following the scoring and analyzing criteria reported 
in Fenech et al. [2(K)3]. Briefly, micronuclei had the following character-
istics: round or oval; smaller than 1/3 of the size of the main nucleus; same 
color as the main nucleus but can be lighter in intensity; must not touch the 
main nucleus. The results are expressed as the mean number of micro-
nucleated cells per 1000 binucleated cells ± the standard deviation. 
Chromosomal Aberration (CA) test 
For CA analysis, the blood was cultured for 48 h al 37''C in the same 
medium as used for the MN assay. One hour prior to harvesting (i.e., at the 
47"' h), colchicine (Sigma; final concentration, 10 |jLg/mL) was added lo 
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Fig. 2. Aberrant melaphase from a blood lymphocyte of a biomass-
exposed individual, showing a chromosomal break and a chromatid break. 
block the dividing cells at metaphase. The cells were collected by centrif-
ugation, resuspended in a prewarmed hypotonic solution (0.075 M KCl) for 
20 min, and fixed in methanol/acetic acid (3:1, v/v). Slides were prepared 
by an air-dried method and stained with 5% Giemsa. A total of 100 
well-spread metaphases were scored from each subject under blind code 
for CAs (Fig. 2), which include chromosome/chromatid breaks, inlerstitiai 
deletions (minutes), gaps and chromatid deletions. Briedy, chromatid gaps 
were defined as achromatic lesions less than the width of the chromatid, 
whereas chromatid deletions were scored if the separation was greater than 
the width of the chromatid. Chromatid breaks were scored as discontinuous 
if more than the width of a chromatid or discontinuous if equal to the width 
of a chromatid with displacement from the chromatid axis and without 
visible connecting material. Chromosome breaks were terminal breaks 
without sister union, acentric fragments in the absence of an aberration that 
could have generated fragments, and interstitial deletions. Additional scor-
ing and counting criteria were according to Carrano and Natarajan f 1988]. 
CA frequencies are expressed as the percent cells with aberrations ± the 
standard deviation. 
Statistical Analysis 
Tlie mean MN frequency and percent cells with aberrations for each 
subject was used as the statistical unit. One way analysis of variance was 
carried out to find out significant differences for the mean MN and 
aberration frequencies of subjects in different categories of exposure sep-
arately after ascertaining the homogeneity of variance in the groups. 
Comparisons between the mean MN and aberration frequencies between 
the LPG group and the other fuel groups were performed by Dunnett's test 
[Zar, 1984] (Fig. 3, Fig. 4, and Table I). For analyzing the significance of 
mean differences in MN and CA induction between biofuel-exposed and 
LPG users in different age groups (<30 years of age, >30 years of age), 
and with different years of exposure « 5 years, 6-10 years, >10 years), a 
three-way analysis of variance was conducted with age, duration of expo-
sure, and type of fuel used as independent variables and MN or CA 
induction as the dependent variable (Table 11 and Table III). Prior to this 
analysis, the homogeneity of variance between the groups was established. 
Calculation of the least significant differences was carried out by post-hoc 
analysis. 
RESULTS 
The MN assay using the cytokinesis-block method was 
carried out on peripheral blood lymphocytes from women 
Qwdng Qwdrc^ Wnd 
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Fig. 3. Micronucleus (MN) induction in blood lymphocytes from 179 
Indian women using different cooking fuels. The asterisks indicate data 
that differ considerably from the control (LPG) group. *P<0.05; 
**P<0.0\. 
CtwdutfVtad 
Fig. 4. Chromosomal aberrations (CAs) in blood lymphocytes from 179 
Indian women using different cooking fuels. The asterisks indicate data 
that differ considerably from the control (LPG) group. *P<0.05; 
**P<0.0\. 
using different cooking fuels. LPG users, who were used 
as a control population, had a mean MN frequency of 
10.34±2.67 micronucleated cells/1000 binucleated cells. 
In comparison, elevated MN frequencies were found in 
women burning cowdung for cooking (30.00±3.56, 
P<0.0\), followed by cowdung/wood (26.21 ±3.14, 
P<0.05) and wood (22.85±4.02, P < 0.05) (Fig. 3). 
Kerosene users were also found to have a slightly ele-
vated MN frequency, but the increase was not statisti-
cally significant. The CA frequencies among the women 
using the various cooking fuels are given in Fig. 4. The 
trends for fuel use and CA frequency were similar to 
those observed for the MN data. When compared with 
LPG users (3.10% with aberrant cells), CA frequencies 
were significantly increased in woinen using cowdung 
(10.80%, f<0.01), followed by cowdung/wood (8.17%, 
P< 0.05) and wood (6.96%, P< 0.05). Kerosene users 
had a small but nonsignificant increase in CA frequency 
in comparison to LPG users. 
When the data were compared on the basis of dietary 
habits of the study population, no significant differences 
in MN and CA frequency were observed between vege-
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TABLE 1. Micronuclei and Chromosomal Aberrations in Relation to Diet in 
Using Oiflerent Cooking Fuels 
Micronucleus* 
Category Vegetarian (98) Non-Vegetarian (50) 
Biofucl-exposed (90) 21.89 ± 2.61 (58) 22.11 ± 2.17 (32) 
LPG-exposed (58) 10.66 ± 1.99 (40) 11.09 ± 2.11 (18) 
148 Indian Women 
Chromosomal Aberration** 
Vegetarian (98) Non-Vegetarian (50) 
7.96 ± 0.98 (58) 9.01 ± 0.86 (32) 
3.20 ± 0.78 (40) 4.11 ±0.59(18) 
*Value,s are mean micronucleated ceHs/1000 binucleaeed cell.s ± SD. 
**Value.s are % cells with aberrations ± SD; figures within parentheses indicate size of study population; women using cowdung, cowdung/wixid and 
wood included in biofuel-exposed group; kerosene users not included in analysis. 
TABLE II. Micronucleus Frequency in Relation to Age and Exposure Duration in 148 Indian Women Using Different 
Cooking Fuels* 
Exposure 
duration 
<5 years 
6-10 years 
> 10 years 
<30 years of 
Biofuel-exposed (55) 
17.36 ±2.39 (19)" 
22.00 ± 2.44 (25)"" 
30.00 + 2.42(11)"" 
Fuel type 
age 
LPG-exposed (34) 
9.23 ± 1.32(13) 
10.90 i 2.01 (11) 
12.00 ± 1.99(10) 
>30 years of 
Biofuel-exposed (35) 
18.67 ±2.19(7)" 
25.00 ± 2.43(12)"" 
36.87 ± 2.0: (16)""'^ 
Fuel type 
age 
LPG-exposed (24) 
10.00 ± 1,98(5) 
12.50 ±2.01 (8) 
16.36 ± 1.99(11)"' 
*Values are mean micronucleated cells/1000 binuclcated cells ± SD; figures within parentheses indicate size of study population; women using cowdung, 
cowdung/wood and wood included in biofuel-exposed group; kerosene users not included in analysis. 
"P < 0.01 compared to the corresponding LPG users in same age group (Exposure effects). 
"/• < 0.01 compared to the corresponding <5 years exposure group for each fuel type and age category (E.xposure duration effects). 
'P < 0.01 compared to the <30 years of age group of same duration of exposure to same type of fuel (Age effects). 
TABLE III. Chromosomal Aberrations in Relation to Age and Exposure Duration in 148 Indian Women Using Different 
Cooking Fuels* 
duration 
<5 years 
6-10 years 
>10 years 
<30 years of 
Biofuel-exposed (55) 
3.94 ± 0.71 (19) 
6.88 ± 0.81 (25)" 
9.00 ±0.95 (11)'" 
Fuel type 
age 
LPG-exposed (34) 
2.30 ±0.88 (13) 
2.81 ±0.69(11) 
3.00 ±0.55 (10) 
>30 years of 
Biofuel-exposed (35) 
4.00 ± 0.49 (7) 
8.91 ±0.81(12)"" 
13.31 ± 1.10 (16)""--
Fuel type 
age 
LPG-exposed (24) 
3.00 ± 0.47 (5) 
3.62 ± 0.61 (8) 
6.18 ±0.89(11) 
*Values are % cells with aberrations ± SD; figures within parentheses indicate size of study population; women using cowdung, cowdung/wocxl and wood 
included in biofuel-exposed group; kerosene users not included in analysis. 
"P < 0.01 compared to the corresponding LPG users in same age group (Exposure effects). 
"P < 0.01 compared to the corresponding <5 years exposure group for each fuel type and age category (Expo.sure duration effects). 
''P < 0.01 compared to the <30 years of age group of similar duration of exposure to same type of fuel (Age effects). 
tarians and occasional non-vegetarians (Table 1). The 
effects of subject age and the duration of cooking fuel use 
on MN and CA frequency are presented in Tables II and 
111, respectively. For this analysis biofuel users (dung, 
dung/wood and wood) were pooled together in a single 
biofuel-exposed group and those cooking with kerosene 
were not considered. The overall age of the subject, years 
of exposure, and the fuel type were found to have sub-
stantial effects on both CA and MN frequencies, with the 
highest frequencies found for biofuel users who were in 
the >30 years of age group and with > 10 years of biofuel 
use. 
The mean MN and CA frequencies in the biofuel-exposed 
population were significantly greater than those from LPG-
fuel users. This was true for both age groups (< and >30 
years of age). When the duration of exposure was consid-
ered, there was no significant effect of age for both the 
biofuel and LPG groups exposed ^10 years. For those 
exposed >10 years, age influenced both the MN and CA 
frequencies of biofuel users, while age affected only the MN 
frequency for LPG users. In the <30 years of age group, 
exposure to biofuels for more than 6 years resulted in a 
.significant increase in MN frequency, whereas the CA fre-
quency was significantly increased only when the duration 
of exposure was >10 years. 
Although not always significant, generally increasing fre-
quencies of MN and CA were observed with increasing 
durations of exposure to both biofuels and LPG, with the 
effect being more pronounced for users of biofuels than for 
LPG users. 
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DISCUSSION 
The results of the present study indicate that biofuel use 
increased cytogenetic damage in human blood lymphocytes, 
as measured by both the MN and CA tests (Fig. 3 and Fig. 
4). The increased frequencies of micronuclei and CAs are 
presumably due to exposure to smoke which is formed after 
incomplete combustion of biomass fuels and which are rich 
in several noxious gases, PAHs, and PM, which are known 
to be toxic [Behcra et al., 1991; Behera and Jindal, 1991; 
WHO, 1991; Raiyani et al., 1993; Smith, 2000; Balakrish-
nan et al., 2002]. Our results indicate that the highest 
frequencies of both CAs and micronuclei were found in 
women using cowdung for cooking fuel, followed by, in 
decreasing order, users of cowdung/wood, wood, kerosene 
and LPG. 
Epidemiological and environmental monitoring studies 
indicate that the combustion of biofuels releases large 
amounts of particulate air pollutants, especially PMj 5 and 
PM,o, and PAHs, and exposure to these pollutants causes 
.several respiratory disorders [Behera and Jindal, 1991; Dutt 
et al., 1996; Ellegard, 1996; Behera, 1997]. Furthermore. 
Mandal and Mandal [2002] reported that biomass fuels 
generate higher levels of smoke and respirable airborne PM 
than kerosene or LPG. Smith et al. [1983] detected atmo-
spheric PAH concentrations of 4000 ng/m"^  during cooking 
with biofuels, and He et al. [1991] found an exposure-
response relationship between PAH concentrations in in-
door air and lung cancer. In studies comparing different 
biofuels, Raiyani et al. [1993] found that the burning of 
cowdung produced the highest indoor PAH levels, and the 
levels decreased during of burning wood, kerosene, and 
LPG. Atmospheric PAHs are predominantly found attached 
to the respirable fraction of suspended PM, i.e., PMj 5 and 
PM,o. A recent study performed in southern Indian house-
holds found that cooking with biofuels produced very high 
indoor air concentrations of respirable PM (500-2000 n,g/ 
m-'), and that cowdung burning produced the highest con-
centrations of PM, followed in order by wood/charcoal, 
kerosene, and LPG [Balakrishnan et al., 2002]. This result 
agrees with a growing body of scientific evidence indicating 
that households using cowdung have higher levels of respi-
ratory PM than those burning wood or LPG [World Bank, 
2001]. 
Respirable airborne PM is cytotoxic and genotoxic for 
different cell systems [Homberg et al., 1998; Diociaiuti et 
al., 2(X)1], and exposure of cultured human lymphocytes to 
PAHs increases the MN and SCE frequencies in a dose-
dependent manner [Warshawsky et al., 1995]. Also, a num-
ber of biomonitoring studies indicate that occupational or 
environmental exposure to high levels of PAHs, air pollu-
tion, and/or atmospheric PM results in DNA damage 
[Bender et al., 1988; Bologncsi et al, 1997a,b; Michalska et 
al., 1999]. In a study that measured the genotoxicity spe-
cifically associated with the combustion of biomass fuels. 
Bell and Kamens [1990] reported that extracts of particles 
generated from the burning of cowdung, crop residues and 
wood were mutagenic in the Salmonella typhimurium re-
version assay. Thus, our finding of increased MN and CA 
frequencies in women using biofuels for cooking is consis-
tent with data indicating high levels of PAHs and PM in 
biofuel combustion products and data demonstrating the 
genotoxicity of PM and its as.sociated PAHs. The CAs 
detected in the present study were mainly in the form of 
chromatid breaks (separate data not shown). This is consis-
tent with the observation of Burgaz et al. [2002], who 
reported increased level of chromatid breaks in blood lym-
phocytes of traffic policemen exposed to high levels of 
PAHs and other gaseous pollutants. In addition, previous 
studies indicate that combustion of cowdung produces the 
highest levels of pollutants among all the biofuels, and we 
found the highest MN and CA frequencies for the women 
using cowdung as a cooking fuel. 
In the present study, women using LPG had a higher 
frequency of CAs than control subjects from other studies 
[e.g.. Testa et al., 2002; Mahata et al., 2003]. Tlie relatively 
high CA frequency among LPG users might be due to the 
generation of PM and PAHs by LPG, albeit in lesser 
amounts than other cooking fuels [Raiyani et al., 1993; 
Dennekamp et al., 2001; Balakrishnan et al., 2002], com-
bined with the poorly ventilated cooking areas used by the 
study subjects. Moreover, recent studies suggest that LPG 
exposure is mutagenic and causes various health problems 
[Gao et al., 1994; Yin et al., 1998; Dick et al., 2001]. 
Women without exposure to any cooking fuel are very rare, 
however, which accounts for employing LPG users as con-
trol subjects in this study. The main objective of the study 
was to evaluate the genotoxicity associated with using bio-
fuels for cooking. In addition to the possible genotoxicity 
resulting from LPG, the relatively high CA frequencies in 
our control subjects may reflect differences in genetic sus-
ceptibility, exposure or lifestyle, including cultural patterns, 
in our study population. It is also possible that LPG users 
grew up in families that used biofuels before they them-
selves started cooking; this possibility was not evaluated in 
the study. 
In our study, kerosene users had slightly higher MN and 
CA frequencies than LPG users. Although these differences 
were not significant, we have previously demonstrated that 
exposure to kerosene and its soot causes several biochem-
ical changes in tissues and cytotoxicity in rat alveolar mac-
rophages [Arif et al., 1993]. Kerosene soot and some of its 
associated PAHs are also mutagenic in Salmonella [Kaden 
et al., 1979]. In a recent investigation, we found that kero-
sene soot induces micronuclei in Syrian hamster embryo 
cells [Lohani et al., 2000]. 
Smoking, non-vegetarian diets, and alcohol intake in-
crease DNA damage in lymphocytes [Betti et al., 1995J. In 
the present study, the participants neither smoked nor drank 
alcohol and followed the same general dietary habits; the 
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major dietary variable we identified tliat might affect the 
study was the consumption of occasional n on-vegetarian 
meals. This later factor had no significant effect on MN or 
CA frequency in the study population. However, both sub-
ject age and the duration of exposure to cooking fuel com-
bustion affected MN and CA frequencies in the present 
study. In general, MN frequencies appear to be modulated 
by endogenous or physiological factors related to aging and 
gender [Bonassi et al., 2001]. Previous studies have dem-
onstrated a relatively strong effect of age on cytogenetic end 
points [Bolognesi et al., 1997c; Bonassi et al., 2001], with 
damage increasing as a function of age. In our study the 
older group (>30 years old), with >10 years of exposure, 
showed significantly higher MN and CA frequencies than 
similarly exposed women of <30 years of age. This obser-
vation is consistent with the results of Bonassi et al. [2001] 
who found that MN frequency increases with age and ob-
served a sharp increase in people over 40 years of age. 
In summary, the results of the present study indicate that 
women using biofuels for cooking have higher lymphocyte 
MN and CA frequencies than women using petroleum-
based fuels for cooking, and that the highest MN and CA 
frequencies were found in the women using cowdung for 
fuel. The relative frequencies of micronuclei and CAs as-
sociated with the use of the different fuels generally corre-
lated with the levels of PM and PAHs produced by burning 
the fuels. The results of the study demonstrate the useful-
ness of these cytogenetic biomarkers at the field level for the 
early detection of potential adverse human health effects. 
The data suggest that genetic damage in rural, and probably 
urban, women may be reduced by limiting the exposure to 
cooking smoke from biomass fuels. 
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MODULATION OF MACROMOLECULES BY PARTICULATE AIR POLLUTANTS 
MS Musthapa, MM Ameen, FA Ansari, K Bhatacharya, Rahman Q, Ahmad I 
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Industrial Toxicology Research Centre, Lucknow-226 001, India 
Epidemiological and experimental studies have suggested an enhancement of asbestos-
induced bronchogenic carcinoma by co-exjiosure with poly aromatic hydrocarbons 
(PAHs). People living in the vicinity of asbestos factory using biofuels are also at higher 
risk of developing lung cancer because asbestos fibres are found to facilitate the uptake and 
retention of benzo(a) pyrene (B(a)P) and other PAHs, which are rich in biofuels. Asbestos 
fibres can augment the formation of ROS which causes DNA damage and protein 
oxidation important in modulating in cell proliferation. In the present study, the 
micronucleus and chromosomal aberration assays in peripheral blood lymphocytes were 
used to evaluate the DNA damage at chromosomal level in population non-occupationally 
exposed to asbestos with biofuel co-exposure, biofuel user, asbestos with LPG co-exposure 
and LPG users. Cytogenetic abnormalities were found to be significantly higher in the 
former two groups and later group elevation was inconsequential. In vitro study using 
RBC incubated with asbestos and B(a)P showed an increase in protein oxidation assessed 
by dityrosine formation determined by HPLC. Whereas, dityrosine formation was more by 
asbestos alone as compared with that of B(a)P alone incubation. These results suggest that 
the synergetic effect of asbestos with PAHs would cause macromolecule damages and 
further these biomarkers can be used at field level to assess the macromolecule damage 
caused by particulate air pollutants. 
[Abstract Presented in "10* Congress of the Federation of Asian and Oceanic Biochemists and Molecular 
Biologists" December 7-11,2003 at USc, Bangalore, (INDIA)"] 
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A BIOMARER BASED APPROACHES TOWARDS RISK ASSESSMENT OF 
PARTICULATE AIR POLLUTANTS 
M.S.Musthapa, M.M.Ameen, I.Ahmad, A.K.Trivedi, F.A.Ansari and Q.Rahman 
Fibre Toxicology Division, Industrial Toxicology Research Centre, P.Box 80, M.G.Marg, 
Lucknow-226 001 (India) 
Asbestos, a natural hydrated mineral silicate well known for its deadly effects of 
lung fibrosis, malignant mesothelioma and bronchogenic carcinoma. Air pollution levels of 
asbestos were reported to be elevated in the areas surrounded by asbestos industries. 
Furthermore, peoples living in the vicinity of asbestos factory using biofuels are also at 
higher risk of developing lung cancer because asbestos fibres are found to facilitate the 
uptake and retention of benzo(a)pyrene and other poly aromatic hydrocarbons (PAHs) 
which are present in biofuels. The chemical structure of asbestos fibres can augment the 
formation of ROS of highly reactive HO' and "ONOO radicals, that causes DNA damage, 
gene transcription and protein expression important in modulating cell proliferation, cell 
death and inflammation. Exposure to PAHs may alter the activity of aryl hrdrocarbon 
hyroxylase (AHH) and ethoxyresorofin-O-deethylase (ERGO) has well documented by 
several studies. In the present study, we have investigated the potential usefulness and 
applicability of EROD, AHH activities in blood lymphocyte and serum CC16 levels as 
biomarkers of lung toxicity caused by free radical production by asbestos and co-exposure 
with biomass pollutants. A total of four groups namely, biomass, asbestos with bomass 
exposed, asbestos alone and LPG users were studied. AHH and EROD levels were 
significantly induced in the former two groups. Furthermore asbestos exposed and LPG 
users were found to have considerable level of elevation of these marker enzymes. However 
serum CC16 was showed a negative correlation with biofuels. The CC16 levels were 
significantly higher in asbestos exposed group and it got decreases with exposure of 
biomass smoke. This negative effect of serum CC16 is probably due the effect of decrease 
in Clara cell numbers in the lung by toxic metabolites of PAHs present in the biofuels 
generated by the cytochrome P-450 system or else irritants present in biofuels itself. 
Therefore assay of AHH, EROD and CC16, appears to be useful biomarkers to detect early 
alterations in the lung and airway by asbestos and co-exposure with biofuels. 
[Abstract Presented in "international conference on role of free radicals and anti-oxidants in health & disease 
& II"" ANNUAL CONFERENCE OF SFRR-INDIA, FEBRUARY 10-12, 2003 , LUCKNOW (INDIA)"] 
